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Abstract ofWO0142186 

A compound in which either a compound having reduced oral activity or a group having a framework 
thereof is chemically bonded to a group represented by the general formula (1) (wherein Rl represents 
hydrogen, etc. ; R2 represents CI -7 halogenoalkyl, etc. ; m is an integer of 2 to 14; and n is an integer • 
2 to 7); an optical isomer of the compound; or a hydrate or pharmacologically acceptable salt of these 
compounds. When imparted to a framework of, e. g. , a compound having anti-estrogen activity, those 
compounds can have significantly improved oral activity. The compounds are hence useful as a 
medicine. 
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Description of corresponding document: EP1241158 



TECHNICAL FIELD 



[0001] The present invention relates to hydroxycarbonyl-halogenoalkyl derivatives designed to 
significantly increase oral activity of compounds having low activity following oral administration, 
compounds having anti-tumor activity, compounds having estrogenic activity or compounds having anti 
estrogenic activity. 



BACKGROUND ART 



[0002] In treating diseases caused by abnormal tissue growth that is dependent upon a certain sexual 
steroidal hormone such as estrogen, it is highly important to significantly inhibit, more preferably 
completely eliminate, the effect induced by the hormone. For this purpose, it is desirable to reduce the 
level of hormone capable of acting on the steroidal hormone receptor site. For instance, antiestrogenic 
agents are commonly administered for alternative or combination therapy to limit the production of 
estrogen to the amount less than required to activate the receptor site. However, such conventional 
technique for blocking estrogen production could not sufficiently inhibit the effect induced through the 
estrogen receptor. Practically, even when estrogen is completely absent, some of the receptors may be 
activated. It was therefore considered that estrogen antagonists could provide better therapeutic effect in 
comparison to the technique for blocking only the production of sexual steroidal hormone. Thus, numer 
estrogen antagonists have been developed. For example, many patent publications including U.S. Patent 
Nos. 4,760,061, 4,732,912, 4,904,661, 5,395,842 and WO 96/22092 disclose various anti-estrogenic 
compounds. Sometimes, however, prior art antagonists may themselves act as agonists, and therefore 
activate rather than block the receptor. For example, Tamoxifen has been most widely used as an anti- 
estrogenic agent. However, this agent has a disadvantage that it exhibits estrogenic activity in some orgz 
(see, M. Harper and A. Walpole, J. Reprod. Fertile., 1967, 13, 101). 

[0003] As another non-steroidal anti-estrogenic compound, WO 93/10741 discloses a benzopyran 
derivative having an aminoethoxyphenyl substituent(s) (Endorecherche), the typical compound of whicl 
EM-343 having the following structure: 
EMI2.1 

Said compound also has the agonistic effect. It is therefore required to develop an anti-estrogenic 
compound which is substantially or completely free of agonistic effect and which can effectively block i 
estrogen receptor. 

[0004] In addition, it has been known that 7 alpha -substituted derivatives of estradiol, for example, 7 
alpha -(CH2)10CONMeBu derivatives, are steroidal anti-estrogenic agents without agonistic effect (see 
EP-A 0138504, USP 4,659,516). Further, an estradiol derivative having a 7 alpha -(CH2)9SOC5H6F5 
substituent has also been disclosed as a 7 alpha -substituted derivative of estradiol (see, Wakeling et al., 
Cancer Res., 1991, 51, 3867). 

[0005] Non-steroidal anti-estrogenic agents without agonistic effect have been first reported by Wakelir 
et al. in 1987 (see, A. Wakeling and Bowler, J. Endocrinol., 1987, 1 12, R7). Meanwhile, U.S. Patent No 
4,904,661 discloses phenol derivatives having anti-estrogenic activity. These phenol derivatives general 
have a naphthalene scaffold and include, typically, the following compounds: 
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EMI3.1 
EMI4.1 



[0006] Some chroman and thiochroman derivatives have been reported as anti-estrogenic compounds 
having no agonistic effect (WO 98/25916). Although the existing anti-estrogenic compounds having no 
agonistic effect show a substantial therapeutic effect when administered via intravenous or subcutaneou; 
injection, they show a highly reduced therapeutic effect when administered orally, due to their low 
bioavailability by oral route. Therefore, for convenience's sake in the case of administration, it is desirec 
develop anti-estrogenic compounds which show a sufficient effect when administered orally and at the 
same time have no agonistic effect. Also, it is generally desired to develop agents which show a sufficie 
effect when administered orally. 



DISCLOSURE OF THE INVENTION 



[0007] The object of the present invention is to provide hydroxycarbonyl-halogenoalkyl derivatives 
designed to significantly increase oral activity of compounds having low activity following oral 
administration, compounds having anti-tumor activity, compounds having estrogenic activity or 
compounds having anti-estrogenic activity by enhancing their absorption from the intestinal tract and/or 
improving their stability against metabolism. 

[0008] Our research efforts were directed to achieving the above object, and we have found that a side 
chain of general formula (1) allowed estrogenic compounds to show a significantly increased activity b) 
oral route when attached to the parent scaffolds of the compounds. The present invention has been 
accomplished on the basis of this finding. 

[0009] Namely, the present invention provides a compound consisting of a moiety and a group chemica 
bonded to said moiety, wherein said moiety contains a compound having low activity following oral 
administration or its parent scaffold and said group has the following general formula (1): 
EMI5.1 
in which 

Rl represents a hydrogen atom or a salt- forming metal, 

R2 represents a linear or branched C1-C7 halogenoalkyl group, 

m represents an integer of 2 to 14, and 

n represents an integer of 2 to 7, 

or enantiomers of the first-mentioned compound, or hydrates or pharmaceutically acceptable salts of the 
compound or enantiomers thereof. 

[0010] The present invention also provides a compound consisting of a moiety and a group chemically 
bonded to said moiety, wherein said moiety contains a compound having anti-tumor activity or its paren 
scaffold and said group has the following general formula (1): 
EMI6.1 
in which 

Rl represents a hydrogen atom or a salt-forming metal, 

R2 represents a linear or branched C1-C7 halogenoalkyl group, 

m represents an integer of 2 to 14, and 
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n represents an integer of 2 to 7, 

or enantiomers of the first-mentioned compound, or hydrates or pharmaceutically acceptable salts of the 
first-mentioned compound or enantiomers thereof. 

[001 1] The present invention further provides a compound consisting of a moiety and a group chemical] 
bonded to a moiety, wherein said moiety contains a compound having estrogenic activity or its parent 
scaffold or a compound having anti-estrogenic activity or its parent scaffold and said group has the 
following general formula (1): 
EMI6.2 
in which 

Rl represents a hydrogen atom or a salt-forming metal, 

R2 represents a linear or branched C1-C7 halogenoalkyl group, 

m represents an integer of 2 to 14, and 

n represents an integer of 2 to 7, 

or enantiomers of the first-mentioned compound, or hydrates or pharmaceutically acceptable salts of the 
first-mentioned compound or enantiomers. 

[0012] The present invention even further provides a compound having the following general formula £ 

EMI7.1 

in which 

Rl represents a hydrogen atom or a salt-forming metal, 

R2 represents a linear or branched C1-C7 halogenoalkyl group, 

m represents an integer of 2 to 14, 

n represents an integer of 2 to 7, and 

A represents a group selected from the following formulae (3) to (8) and (10) to (26): 
EMI7.2 

EMI8.1 

EMI8.2 

EMI8.3 

EMI8.4 

EMI8.5 

EMI9.1 

EMI9.2 

EMI9.3 

EMI9.4 

EMI9.5 

EMI9.6 
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EMU 0.1 
EMI10.2 
EMU 0.3 
EMI10.4 
EMU 0.5 
EMU 1.1 
EMU 1.2 
EMU 1.3 
EMU 1.4 
EMU 1.5 
EMU 1.6 
in which 

in formulae (6), (7), (14) and (24), each of R3 and R6 represents a linear or branched C1-C5 alkyl group 
in formulae (10), (1 1) and (12), Z10 represents a hydrogen atom or an acyl group, 
in formulae (13), (21) and (22), each of Zl, Z2, Z3, Z4, Z5 and Z6 independently represents a hydrogen 
atom, a hydroxyl group or a linear or branched C1-C5 alkyl group, 

in formula (15), R7 represents a hydrogen atom or a linear or branched C1-C5 alkyl group, 
in formula (16), each of Z7, Z8 and Z9 independently represents a hydrogen atom or a hydroxyl group, 
in formulae (18) and (20), R8 represents a linear or branched C1-C5 alkyl group, a linear or branched C 
C5 alkenyl group or a linear or branched C2-C5 alkynyl group, 

in formula (23), each of R21, R22, R23 and R24 independently represents a hydrogen atom, a linear or 
branched C1-C5 alkyl group, a linear or branched C1-C7 halogenoalkyl group, a halogen atom or an acj 
group, and 

in formulae (25) and (26), X represents a halogen atom, 

or enantiomers of the compound, or hydrates or pharmaceutically acceptable salts of the compound or 
enantiomers thereof. 

[0013] Furthermore, the present invention provides a pharmaceutical composition comprising a compou 
of general formula (2) as an active ingredient. The present invention also provides an anti-estrogenic 
pharmaceutical composition comprising the above compound as an active ingredient. The present 
invention further provides a therapeutic agent for breast cancer comprising a compound of general form 
(2) as an active ingredient. 

[0014] As used herein, the term "parent scaffold(s)" refers to a partial structure shared by a class of 
compounds having the same or similar pharmacological effects or physicochemical properties. The pare 
scaffolds include, but are not limited to, the following structures: steroid, indole, naphthalene, benzofun 
benzothiophene, benzopyran, benzoxazine, 3,4-diphenyl-[4.3.0]-nonane, 4-(l,2-diphenyl-l-butenyl) 
phenol, flavone, erythromycin, alkaloid, cephalosporin, beta -lactam, and derivatives thereof. 
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[0015] Compounds having low activity following oral administration refer to those compound which art 
incapable of showing adequate activity for a desired pharmacological effect when administered orally 
because they are poorly absorbed from the intestinal tract or rapidly metabolized in the body. Examples 
include certain types of anti-tumor compounds, certain types of estrogenic compounds (e.g., estradiol) a 
anti-estrogenic compounds. 

[0016] Compounds having anti-tumor activity include all types of compounds capable of inhibiting turn 
growth. The present invention is particularly advantageous to those compounds showing low activity by 
oral route. 

[0017] Compounds having estrogenic activity refer to those compounds which have affinity for the 
estrogen receptor and enhance the signaling mediated by the estrogen receptor. Examples include estrad 

[0018] Compounds having anti-estrogenic activity refer to those compounds which have an antagonistic 
activity against estrogen's pharmacological effects. Examples include the compounds described in the pi 
art reports mentioned above. 

[0019] The present invention provides compounds wherein a moiety is chemically bonded to a group, 
wherein said moiety containing a compound having low activity following oral administration, a 
compound having anti-tumor activity, a compound having estrogenic activity or a compound having ant 
estrogenic activity or the parent scaffolds of these compounds and said group having the general formul 
(1). As used herein, the term "chemically bonded" means that the group is bonded through a covalent be 
and the like, including a C-C bond, a C-0 bond, a C-N bond, etc. The moiety containing the above- 
mentioned compounds or their parent scaffolds may take any structure as long as these bonds are possib 
A C-C bond is preferably used to improve stability against metabolism and hence activity by oral route. 

[0020] Salt-forming metals as Rl include, but are not limited to, alkali metals such as sodium and 
potassium, alkaline earth metals such as magnesium and calcium, rare earth metals such as cerium and 
samarium, as well as zinc and tin. Among these, alkali metals and alkaline earth metals are preferred. 

[0021] Rl may preferably be a hydrogen atom, an alkali metal and an alkaline earth metal. 

[0022] Halogens in the linear or branched C1-C7 halogenoalkyl groups as R2 include fluorine, chlorine, 
bromine and iodine, with fluorine being preferred. R2 may contain one or more halogen atoms. When R 
contains two or more halogen atoms, they may be the same or different, preferably the same halogen 
atoms. In particular, R2 is preferably a perhalogenoalkyl group. Alkyls in the linear or branched C1-C7 
halogenoalkyl groups under consideration include, but are not limited to, methyl, ethyl, n-propyl, i-prop 
n-butyl, i-butyl, sec-butyl, tert-butyl, n-pentyl, 1-methylbutyl, 2-methylbutyl, 3-methylbutyl, 1,1- 
dimethylpropyl, 1,2-dimethylpropyl, 2,2-dimethylpropyl, 1-ethylpropyl, n-hexyl and n-heptyl. Preferred 
are linear or branched C1-C4 alkyls, i.e., methyl, ethyl, n-propyl, i-propyl and n-butyl. 

[0023] Examples of the linear or branched C1-C7 perhalogenoalkyl group as R2 include the above-liste< 
linear or branched C1-C7 alkyl groups, provided that they are perhalogenated, preferably perfluorinated 
Also preferred are perhalogenated linear or branched C1-C5 alkyl groups and a group of the following 
general formula (9): 
EMI16.1 

in which each of R4 and R5 which may be the same or different represents a linear or branched C1-C3 
perhalogenoalkyl group. Among them, perfluorinated groups are preferred. More specifically, a 
perfluoromethyl group, a perfluoroethyl group, a perfluoro-n-propyl group and a perfluoro-n-butyl grou 
are particularly preferred. 
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[0024] In the case where R2 in general formula (2) is a group of general formula (9), examples of the 
linear or branched C1-C3 perhalogenoalkyl group as R4 and R5 include the above-listed linear or brand 
C1-C3 alkyl groups, provided that they are perhalogenated, preferably perfluorinated. Further, 
perhalogenated CI alkyl groups are preferred and a perfluorinated group is particularly preferred. More 
specifically, a perfluoromethyl group is preferred. 

[0025] In the case where R2 in general formula (2) is a group of general formula (9), R2 is preferably a 
1 , 1 , 1 ,3,3 ,3-hexafluoroisopropyl group. 

[0026] Having the definition given above, R2 is preferably a perfluoroethyl group, a perfluoro-n-propyl 
group, a perfluoro-n-butyl group, and a 1,1,1,3,3,3-hexafluoroisopropyl group. 

[0027] Examples of the linear or branched C1-C5 alkyl group as used herein include, but are not limited 
methyl, ethyl, n-propyl, i-propyl, n-butyl, i-butyl, sec-butyl, tert-butyl, n-pentyl, 1-methylbutyl, 2- 
methylbutyl, 3-methylbutyl, 1,1-dimethylpropyl, 1,2-dimethylpropyl, 2,2-dimethylpropyl and 1- 
ethylpropyl. 

[0028] Examples of the linear or branched C2-C5 alkenyl group as used herein include, but are not limit 
to, vinyl, allyl, 1-butenyl, 2-butenyl and 3-butenyl. 

[0029] Examples of the linear or branched C2-C5 alkynyl group as used herein include, but are not limii 
to, ethynyl, propynyl, 1-butynyl, 2-butynyl and 3-butynyl. 

[0030] Examples of the acyl group as used herein include, but are not limited to, alkylcarbonyl groups s 
as formyl, acetyl, propionyl, butyryl, isobutyryl, valeryl, isovaleryl, pivaloyl, caproyl and phenylacetyl; 
alkenylcarbonyl groups such as acryloyl, propyoloyl, methacryloyl, crotonoyl and isocrotonoyl; and 
arylcarbonyl groups such as benzoyl. 

[0031] Examples of the linear or branched C1-C7 halogenoalkyl group as R21, R22, R23 and R24 may 
the same groups as previously listed for R2. 

[0032] Group A may preferably be any one of the groups having formulae (3) to (8) and (10) to (23), 
particularly groups having formulae (3) to (6), (17) to (20) and (23), and more particularly groups havin 
formulae (3), (4) and (17) to (20). 

[0033] m may preferably be an integer of 4 to 10. 

[0034] n may preferably be an integer of 2 to 7. 

[0035] The group of general formula (1), which is one component of the compound according to the 
present invention, has an asymmetric center, while the other component may have an asymmetric centei 
Further, the compound of general formula (2) according to the present invention may have an asymmetr 
center in group A in addition to the asymmetric center in the group of general formula (1). For this reasc 
the compounds of the present invention have enantiomers. All individual enantiomers and mixtures ther 
are intended to be within the scope of the present invention. When group A having an asymmetric cente 
a steroid scaffold represented by any one of formulae (3), (4) and (17) to (20), the group of general fonr 
(1) is preferably attached to the steroid parent scaffold at 7 alpha - or 1 1 beta -position. 
Also, in the general formulae(l) and (2), both compounds with R- and S-configulation of the asymmetri 
carbon to which carboxylic acid or its metal salt is attached are preferable. 
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[0036] Among compounds of general formula (2), preferred are those compounds in which Rl is a 
hydrogen atom, an alkali metal or an alkaline earth metal; R2 is a perfluoroethyl group, a perfluoro-n- 
propyl group, a perfluoro-n-butyl group or a 1,1,1,3,3,3-hexafluoroisopropyl group; m is an integer of 4 
10; and n is an integer of 2 to 6. 

[0037] The compounds of the present invention may be obtained as hydrates. 

[0038] Pharmaceutically acceptable salts include, but are not limited to, the above-mentioned metal salt: 
for example, sodium, potassium and calcium salts. 

[0039] The compound according to the present invention may be administered as a pharmaceutical 
composition in any dosage form suitable for the intended route of administration, in combination with o 
or more pharmaceutically acceptable diluents, wetting agents, emulsifiers, dispersants, auxiliary agents, 
preservatives, buffers, binders, stabilizers and the like. The compound and composition may be 
administered parenterally or orally. 

[0040] The dose of the compound can be suitably determined according to the physique, age and physic 
condition of a patient, severity of the disease to be treated, elapsed time after onset of the disease, etc. 
Because the compound of the present invention is expected to show a significantly high activity by oral 
route, it is generally used in an amount of 0.1 to 500 mg/day when orally administered and in an amouro 
0.1-1000 mg/day to 0.1-1000 mg/month when parenterally administered (by intravenous, intramuscular, 
subcutaneous route) for adult patient. 



BEST MODE FOR CARRYING OUT THE INVENTION 



[0041] The compound of general formula (1), particularly the compound of general formula (2), can be 
prepared according to any one of the following Reaction Schemes A to K and 1 to 19. In these Reaction 
Schemes A to K and 1 to 19 (i.e., Processes A to K and 1 to 19), R2, R3, R6, R7, Zl, Z2, Z3, Z4, Z5, Z( 
Z7, Z8, Z9, Z10, m and n are as defined above in general formulae (1) and (2); each of Rl 1, R12, R13 a 
R16 represents a protecting group; R33 represents a linear or branched alkyl group; each of Yl, Y2, Y3 : 
Y4, Y5 and Y6 independently represents a hydrogen atom, an alkyl group (e.g., a linear or branched CI 
alkyl group) or OR1 1; each of LI and L2 represents a leaving group; X represents a halogen atom; ml i 
m-2; R8 represents a linear or branched C1-C5 alkyl group, a linear or branched C2-C5 alkenyl group o: 
linear or branched C2-C5 alkynyl group. 

[0042] The compound of the present invention may include various stereoisomers because it contains oi 
or more asymmetric carbon atoms. To obtain a single stereoisomer, there are two techniques, one of wh: 
uses a chiral column to resolve a mixture of stereoisomers and the other involves asymmetric synthesis. 
The chiral column technique may be carried out using a column commercially available from DAICEL 
under the trade name of CHIRALPAK-OT(+), OP(+) or AD, or CHIRALCEL-OA, OB, OJ, OK, OC, O 
OF or OG, for example. Regarding asymmetric synthesis, Processes 14 to 16 illustrate the asymmetric 
synthesis of the inventive compound with respect to an asymmetric carbon atom, to which a side chain 
carboxyl group is attached. 



Reaction Scheme A (Process A) 
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EMI20.1 
EMI21.1 
EMI21.2 

Note: Compound (I) can be synthesized by the method described in J. Org. Chem., 60(1995) 5316-5318 
Reaction Scheme B (Process B) 

EMI21.3 
EMI21.4 
EMI22.1 
EMI22.2 

Reaction Scheme C (Process C) 

EMI22.3 
EMI22.4 
EMI22.5 

Reaction Scheme D (Process D) 

EMI23.1 
EMI23.2 
EMI23.3 

Reaction Scheme E (Process E) 
EMI23.4 
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EMI24.2 
EMI24.3 

Note: Compound (XXI) can be synthesized by the method described in DE4218743A1. 
Reaction Scheme F (Process F) 

EMI24.4 
EMI25.1 

Reaction Scheme G (Process G) 

EMI25.2 
EMI25.3 
EMI25.4 

Reaction Scheme H (Process H) 

EMI26.1 
EMI26.2 

Reaction Scheme I (Process I) 

EMI26.3 
EMI26.4 
EMI27.1 
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Reaction Scheme J (Process J) 

EMI27.2 
EMI27.3 

Reaction Scheme K (Process K) 

EMI28.1 
EMI28.2 

Reaction Scheme 1 (Process 1) 

Reaction Scheme 2 (Process 2) 

EMI28.3 
EMI28.4 

Reaction Scheme 3 (Process 3) 
EMI29.1 

Reaction Scheme 4 (Process 4) 

EMI29.2 
EMI29.3 
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EMI29.4 
EMI29.5 

Reaction Scheme 5 (Process 5) 

EMI30.1 
EMI30.2 

Reaction Scheme 6 (Process 6) 

EMI30.3 
EMI30.4 
EMI31.1 

Reaction Scheme 7 (Process 7) 

EMI31.2 
EMI31.3 

Reaction Scheme 8 (Process 8) 
EMI31.4 

Reaction Scheme 9 (Process 9) 
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EMI32.1 

EMI32.2 
in which 

R8 represents a linear or branched C1-C5 alkyl group, a linear or branched C2-C5 alkenyl group or a lixi 
or branched C2-C5 alkynyl group, and 
M represents a metal. 



Reaction Scheme 10 (Process 10) 



EMI32.3 

EMI33.1 
in which 

R8 represents a linear or branched C1-C5 alkyl group, a linear or branched C2-C5 alkenyl group or a lin 
or branched C2-C5 alkynyl group, and 
M represents a metal. 



Reaction Scheme 11 (Process 11) 

EMI33.2 
EMI33.3 
EMI34.1 
EMI34.2 
EMI34.3 

Reaction Scheme 12 (Process 12) 



EMI34.4 
in which 

each of Yl, Y2 and Y3 independently represents a hydrogen atom, an alkyl group (e.g., a linear or 
branched C1-C5 alkyl group) or OR1 1, and 
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each of Zl , Z2 and Z3 independently represents a hydrogen atom, a hydroxy 1 group or a linear or brand 
C1-C5 alkyl group. 



Reaction Scheme 13 (Process 13) 



EMI35.1 

EMI35.2 
in which 



each of Yl, Y2, Y3 , Y4, Y5 and Y6 independently represents a hydrogen atom, an alkyl group (e.g., a 
linear or branched C1-C5 alkyl group) or OR1 1, and 

each of Zl, Z2, Z3, Z4, Z5 and Z6 independently represents a hydrogen atom, a hydroxyl group or a lint 
or branched C1-C5 alkyl group. 



Reaction Scheme 14 (Process 14) 

EMI36.1 
EMI36.2 



Examples of R* include: 



EMI36.3 



Reaction Scheme 15 (Process 15) 



EMI37.1 



Examples of R* include: 
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EMI37.2 



[0070] In the above Reaction Schemes 14 and 15(Processes 14 and 15), R2, Rl 1, R12, X, m, n, X, LI ai 
L2 are as defined above, R* represents a chiral auxiliary, and m and m3 are integers that satisfy the 
relation m - m3+3. 



Reaction Scheme 16 (Process 16) 



EMI37.3 



EMI38.1 



Examples of R* include: 



EMI38.2 



Reaction Scheme 17 (Process 17) 



EMI38.3 
EMI38.4 



Reaction Scheme 18 (Process 18) 



EMI39.1 
EMI39.2 



Reaction Scheme 19 (Process 19) 



EMI39.3 
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EMI40.1 



[Process A] 



[0076] Process A illustrates the synthesis of compound (VI) starting with compound (I). Compound (I) < 
be synthesized by the method described in J. Org. Chem., 60(1995) 5316-5318. 



Step 1 : Preparation of compound (HI) 



[0077] In the presence of a catalyst such as benzylidene-bis(tricyclohexylphosphine)dichlororuthenium, 
compound (I) is reacted with compound (II) in a solvent (e.g., methylene chloride, chloroform, benzene, 
toluene, xylene, dioxane, tetrahydrofuran, dimethyl sulfoxide or dimethylformamide) at a temperature 
ranging from -78 DEG C to the boiling point of the reaction mixture, preferably at the boiling point of tl 
reaction mixture, to give compound (III). 



Step 2: Preparation of compound (IV) 



[0078] Using a catalyst (e.g., palladium on activated carbon, palladium hydroxide, platinum oxide or 
Wilkinson's catalyst), compound (III) is hydrogenated in an inert solvent (e.g., methanol, ethanol, ethyl 
acetate, tetrahydrofuran, dioxane, dichloromethane, dichloroethane, chloroform or benzene) at a 
temperature ranging from room temperature to the boiling point of the reaction mixture, preferably at th 
boiling point of the reaction mixture, to give compound (IV). 



Step 3: Preparation of compound (V) 



[0079] When Rl 1 is, for example, a methyl group, compound (IV) is treated with an acid (e.g., hydroge 
chloride, sulfuric acid, hydrogen bromide, pyridine hydrochloride or boron tribromide) at a temperature 
ranging from -78 DEG C to the boiling point of the reaction mixture to give compound (V). 



Step 4: Preparation of compound (VI) 



[0080] Compound (V) is treated with sodium hydroxide or potassium hydroxide in a solvent (e.g., watei 
ethanol, methanol, a water/ethanol mixture or a water/methanol mixture) at a temperature ranging from 
room temperature to the boiling point of the reaction mixture, preferably at the boiling point of the react 
mixture, to give compound (VI). 



[Process B] 
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[0081] As shown below, compound (VI) given by Process A can also be prepared starting with compoui 
(I) in the following manner. 



Step 1 : Preparation of compound (VIII) 



[0082] In the presence of a catalyst such as benzylidene-bis(tricyclohexylphosphine)dichlororutheni\im, 
compound (I) is reacted with compound (VII) in a solvent (e.g., methylene chloride, chloroform, benzer 
toluene, xylene, dioxane, tetrahydrofuran, dimethyl sulfoxide or dimethylformamide) at a temperature 
ranging from -78 DEG C to the boiling point of the reaction mixture, preferably at the boiling point of tl 
reaction mixture, to give compound (VIII). 



Step 2: Preparation of compound (IX) 



[0083] Using a catalyst (e.g., palladium on activated carbon, palladium hydroxide, platinum oxide or 
Wilkinson's catalyst), compound (VIII) is hydrogenated in an inert solvent (e.g., methanol, ethanol, eth> 
acetate, tetrahydrofuran, dioxane, dichloromethane, dichloroethane, chloroform or benzene) at a 
temperature ranging from room temperature to the boiling point of the reaction mixture, preferably at th 
boiling point of the reaction mixture, to give compound (IX). 



Step 3: Preparation of compound (X) 



[0084] Compound (IX) is treated with sodium hydroxide or potassium hydroxide in a solvent (e.g., watt 
ethanol, methanol, a water/ethanol mixture or a water/methanol mixture) at a temperature ranging from 
room temperature to the boiling point of the reaction mixture, preferably at the boiling point of the react 
mixture, to give compound (X). 



Step 4: Preparation of compound (XI) 



[0085] In a solvent (e.g., dimethyl sulfoxide, dimethylformamide, benzene, toluene, xylene, dioxane or 
tetrahydrofuran) and, if necessary, in the presence of an acid (e.g., hydrogen chloride, sulfuric acid or p- 
toluenesulfonic acid), compound (X) is heated to a temperature ranging from 50 DEG C to the boiling 
point of the reaction mixture to give compound (XI). 



Step 5: Preparation of compound (VI) 



[0086] When Rl 1 is, for example, a methyl group, compound (XI) is treated with an acid (e.g., hydroge 
chloride, sulfuric acid, hydrogen bromide, pyridine hydrochloride or boron tribromide) at a temperature 
ranging from -78 DEG C to the boiling point of the reaction mixture to give compound (VI). 
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[Process C] 



[0087] As shown below, compound (VI) given by Processes A and B can also be prepared starting with 
compound (XII) in the following manner. 



Step 1: Preparation of compound (XIV) 



[0088] In the presence of a catalyst such as benzylidene-bis(tricyclohexylphosphine)dichlororuthenixim > 
compound (XII) is reacted with compound (XIII) in a solvent (e.g., methylene chloride, chloroform, 
benzene, toluene, xylene, dioxane, tetrahydrofuran, dimethyl sulfoxide or dimethylformamide) at a 
temperature ranging from -78 DEG C to the boiling point of the reaction mixture, preferably at the boili: 
point of the reaction mixture, to give compound (XIV). 



Step 2: Preparation of compound (IV) 



[0089] Compound (XIV) is dehydrated using an acid (e.g., hydrochloric acid, hydrobromic acid, 
hydrobromic acid/acetic acid) in an inert solvent (e.g., methanol, ethanol) at a temperature ranging from 
room temperature to the boiling point of the reaction mixture, preferably at 50 DEG C, and further 
processed by hydrogenation analogous to Process A to give compound (IV). 



Step 3: Preparation of compound (VI) 



[0090] Compound (IV) is subjected to hydrolysis and deprotection analogous to Process A or B to give 
compound (VI). 



[Process D] 



[0091] As shown below, compound (VI) given by Processes A, B and C can also be prepared starting w 
compound (XII) in the following manner. 



Step 1 : Preparation of compound (XVI) 



[0092] In the presence of a catalyst such as benzylidene-bis(tricyclohexylphosphine)dichlororuthenium, 
compound (XII) is reacted with compound (XV) in a solvent (e.g., methylene chloride, chloroform, 
benzene, toluene, xylene, dioxane, tetrahydrofuran, dimethyl sulfoxide or dimethylformamide) at a 
temperature ranging from -78 DEG C to the boiling point of the reaction mixture, preferably at the boili: 
point of the reaction mixture, to give compound (XVI). 



Step 2: Preparation of compound (XVII) 
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[0093] Compound (XVI) is dehydrated using an acid (e.g., hydrochloric acid, hydrobromic acid, 
hydrobromic acid/acetic acid) in an inert solvent (e.g., methanol, ethanol) at a temperature ranging from 
room temperature to the boiling point of the reaction mixture, preferably at 50 DEG C, and further 
processed by hydrogenation analogous to Process A to give compound (XVII). 



Step 3: Preparation of compound (VI) 



[0094] Compound (XVII) is subjected to hydrolysis, decarboxylation and deprotection by a procedure 
analogous to Process A or B to give compound (VI). 

[0095] Compound (XII) used as a starting material in Processes C and D can be prepared according to tl 
method described in Tetrahedron., 30(1977) pp. 609-616. 



[Process E] 



[0096] Process E illustrates the synthesis of compound (XXIX) starting with compound (XXI). 



Step 1: Preparation of compound (XXII) 



[0097] In the presence of an organic base (e.g., triethylamine or pyridine), compound (XXI) is treated w 
an acid chloride (e.g., methanesulfonyl chloride or p-toluenesulfonyl chloride) in an inert solvent (e.g., 
tetrahydrofuran, dioxane, dichloromethane, dichloroethane or chloroform, preferably dichloromethane) 
temperature ranging from room temperature to the boiling point of the reaction mixture, preferably at ro 
temperature, to convert (CH2)mOH in compound (XXI) into (CH2)m-Ll, in which LI is -0-S02CH3 o 
0-S02-C6H4-p-CH3, for example. The compound thus obtained is then treated with a metal halide (e.g 
sodium iodide or potassium iodide) in an inert solvent (e.g., acetone, tetrahydrofuran, dioxane, 
dichloromethane, dichloroethane or chloroform, preferably acetone) at a temperature ranging from roon 
temperature to the boiling point of the reaction mixture, preferably at the boiling point of the reaction 
mixture, to give compound (XXII). 



Step 2: Preparation of compound (XXIV) 



[0098] In the presence of a base (e.g., sodium hydride, sodium hydroxide or potassium t-butoxide), 
compound (XXII) is reacted with a malonic ester (XXIII) (e.g., diethyl malonate or dimethyl malonate) 
an inert solvent (e.g., tetrahydrofuran, dioxane, dichloromethane, dichloroethane or chloroform, preferal 
tetrahydrofuran) at a temperature ranging from room temperature to the boiling point of the reaction 
mixture to give compound (XXIV). 



Step 3: Preparation of compound (XXVI) 
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[0099] In the presence of a base (e.g., sodium hydride, sodium hydroxide or potassium t-butoxide), 
compound (XXTV) is reacted with an alkyl halide (XXV), in which L2 represents a halogen atom, in an 
inert solvent (e.g., tetrahydrofuran, dioxane, dichloromethane, dichloroethane or chloroform, preferably 
tetrahydrofuran) at a temperature ranging from room temperature to the boiling point of the reaction 
mixture to give compound (XXVI). 



Step 4: Preparation of compound (XXVII) 

[0100] Compound (XXVI) is treated with sodium hydroxide or potassium hydroxide in a solvent (e.g., 
water, ethanol, methanol, a water/ethanol mixture or a water/methanol mixture) at a temperature ranging 
from room temperature to the boiling point of the reaction mixture, preferably at the boiling point of the 
reaction mixture, to give compound (XXVII). 



Step 5: Preparation of compound (XXVIII) 



[0101] In a solvent (e.g., dimethyl sulfoxide, dimethylformamide, benzene, toluene, xylene, dioxane or 
tetrahydrofuran) and, if necessary, in the presence of an acid (e.g., hydrogen chloride, sulfuric acid or p- 
toluenesulfonic acid), compound (XXVII) is heated to a temperature ranging from 50 DEG C to the boil 
point of the reaction mixture to give compound (XXVIII). 



Step 6: Preparation of compound (XXIX) 



[0102] When Rl 1 is, for example, a methyl group, compound (XXVIII) is treated with an acid (e.g., 
hydrogen chloride, sulfuric acid, hydrogen bromide, pyridine hydrochloride or boron tribromide) at a 
temperature ranging from -78 DEG C to the boiling point of the reaction mixture to give compound 
(XXIX). 

[0103] Compound (XXI) used as a starting material in Process E can be prepared according to the meth< 
described in DE42 1 8743 Al . 



[Process F] 



[0104] Compound (XXIX) given by Process E can also be prepared starting with compound (XXII) 
according to the following steps. 



Step 1 : Preparation of compound (XXXI) 



[0105] In the presence of a base (e.g., sodium hydride, sodium hydroxide or potassium t-butoxide), 
compound (XXII) is reacted with compound (XXX) in an inert solvent (e.g., tetrahydrofuran, dioxane, 
dichloromethane, dichloroethane or chloroform, preferably tetrahydrofuran) at a temperature ranging fr< 
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-78 DEG C to the boiling point of the reaction mixture to give compound (XXXI). 



Step 2: Preparation of compound (XXIX) 



[0106] Compound (XXXI) is converted into compound (XXIX) by a procedure analogous to Process E. 



[Process G] 



[0107] Process G illustrates the synthesis of compound (ILVIII) starting with compound (ILI). 



Step 1 : Preparation of compound (TLIU) 



[0108] In the presence of a base (e.g., sodium carbonate, potassium carbonate, sodium hydroxide, 
potassium hydroxide, barium hydroxide, lithium hydroxide, sodium hydride, preferably potassium 
carbonate), compound (ILI) is reacted with compound (ILII) in an inert solvent (e.g., acetone, methyl ef 
ketone, tetrahydrofuran, preferably acetone) at a temperature ranging from -78 DEG C to the boiling poi 
of the reaction mixture, preferably at room temperature, to give compound (ILIII). 



Step 2: Preparation of compound (ILIV) via Claisen rearrangement 



[0109] Compound (ILIII) is dissolved in an inert solvent (e.g., N,N-dimethyl aniline, N,N-diethyl anilin 
nitrobenzene, dichlorobenzene, dibromobenzene, preferably N,N-dimethyl aniline) and then heated to a 
temperature ranging from 180 DEG C to the boiling point of the reaction mixture, preferably from 180 
DEG C to 200 DEG C, to give compound (ILIV). 



Step 3: Preparation of compound (ILV) 



[0110] In the presence of abase (e.g., triethylamine, diethylisopropylamine, pyridine, sodium carbonate 
potassium carbonate, sodium hydroxide, potassium hydroxide, sodium hydride, preferably pyridine), 
compound (ILIV) is reacted with Tf20 (trifluoromethanesulfonic anhydride) in an inert solvent (e.g., 
dichloromethane, chloroform, benzene, toluene, preferably dichloromethane) at a temperature ranging 
from 0 DEG C to room temperature to give compound (ILV). 



Step 4: Preparation of compound (ILVII) 



[01 1 1] In the presence of a palladium or nickel catalyst, compound (ILV) is reacted with compound (IL 
in an inert solvent (e.g., ether, tetrahydrofuran, dioxane, dimethylformamide, water, preferably dioxane) 
a temperature ranging from room temperature to the boiling point of the reaction mixture, preferably at i 
boiling point of the reaction mixture, to give compound (ILVII). 
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Step 5: Preparation of compound (ILVTQ) 



[0112] Compound (ILVII) is converted into compound (ILVIII) by a procedure analogous to Process A, 
Cor D. 



[Process H] 



[0113] Process H illustrates the synthesis of compound (LIV) starting with compound (LI) synthesized 1 
the method described in U.S. Patent No. 4,904,661. 



Step 1: Preparation of compound (LII) 



[01 14] Compound (LI) is reacted with a reducing agent (e.g., lithium aluminum hydride, 
diisobutylaluminum hydride, sodium borohydride) in an inert solvent (e.g., tetrahydrofuran, dioxane, 
diethyl ether) at a temperature ranging from 0 DEG C to the boiling point of the reaction mixture, 
preferably from 0 DEG C to 50 DEG C, to give compound (LII). 



Step 2: Preparation of compound (LIII) 



[01 15] In the presence of a suitable acid (e.g., zinc iodide, boron trifluoride), compound (LII) is reacted 
with allyltrimethylsilane in an inert solvent (e.g., dichloroethane, dichloromethane, chloroform) at a 
temperature ranging from 0 DEG C to the boiling point of the reaction mixture, preferably from 0 DEG 
to 50 DEG C, to give compound (LIII). 



Step 3: Preparation of compound (LIV) 



[0116] Compound (LIII) is subjected to analogous procedure to Process A, B, C or D, that is, metathesis 
reduction, hydrolysis, decarboxylation, deprotection, etc. to give compound (LIV). 



[Process I] 



[01 17] Compound (LIV) can also be synthesized starting with compound (LI) in the following manner. 



Step 1: Preparation of compound (LVI) 



[01 18] In the presence of a base (e.g., sodium hydride, n-butyllithium, t-butyllithium, lithium 
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diisopropylamide, potassium tert-butoxide), compound (LI) is reacted with compound (LV) in an inert 
solvent (e.g., tetrahydrofuran, dioxane, diethyl ether) at a temperature ranging from -78 DEG C to the 
boiling point of the reaction mixture, preferably from -78 DEG C to 0 DEG C, to give compound (LVI). 



Step 2: Preparation of compound (LVII) 



[01 19] In the presence of a suitable acid (e.g., zinc iodide, boron trifluoride), compound (LVI) is reactec 
with sodium cyanoborohydride in an inert solvent (e.g., dichloroethane, dichloromethane, chloroform) a 
temperature ranging from 0 DEG C to the boiling point of the reaction mixture, preferably from 0 DEG 
to 50 DEG C, to give compound (LVII). 



Step 3: Preparation of compound (LVIII) 



[0120] In the presence of a catalyst (e.g., palladium on activated carbon, palladium hydroxide, platinum 
oxide), compound (LVII) is hydrogenated in an inert solvent (e.g., methanol, ethanol, ethyl acetate, 
tetrahydrofiiran, dioxane, preferably tetrahydrofuran, ethyl acetate) at a temperature ranging from room 
temperature to the boiling point of the reaction mixture, preferably at room temperature, to give compoi 
(LVIII). Compound (LVIII) can be directly prepared form compound (LVI) through hydrogenation usin 
catalyst (e.g., palladium on activated carbon, palladium hydroxide or platinum oxide) in an inert solvent 
(e.g., methanol, ethanol, ethyl acetate, tetrahydrofuran, dioxane, preferably tetrahydrofuran, ethyl acetat 
at a temperature ranging from room temperature to the boiling point of the reaction mixture, preferably ; 
room temperature. 



Step 4: Preparation of compound (LIV) 



[0121] Compound (LVIII) is reacted by a procedure analogous to Process E or F to give compound (Lf\ 



[Process J] 



[0122] Process J illustrates the synthesis of compound (LXII) starting with compound (LIX). 



Step 1 : Preparation of compound (LXI) 



[0123] In the presence of a base (e.g., sodium hydride, n-butyllithium, potassium tert-butoxide), compoi 
(LIX) is reacted with compound (LX) in an inert solvent (e.g., dimethylformamide, tetrahydrofuran, 
dioxane, diethyl ether, dimethyl sulfoxide) at a temperature ranging from 0 DEG C to the boiling point < 
the reaction mixture, preferably from 0 DEG C to 50 DEG C, to give compound (LXI). 



Step 2: Preparation of compound (LXII) 
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[0124] Compound (LXI) is subjected to metathesis, reduction, hydrolysis and deprotection by a procedu 
analogous to Process A, B, C or D to give compound (LXII). 



[Process K] 



[0125] Compound (LXII) can also be synthesized starting with compound (LIX) in the following mann* 



Step 1 : Preparation of compound (LXIV) 



[0126] In the presence of a base (e.g., sodium hydride, n-butyllithium, potassium tert-butoxide), compoi 
(LIX) is reacted with compound (LXIII) in an inert solvent (e.g., dimethylformamide, tetrahydrofuran, 
dioxane, diethyl ether, dimethyl sulfoxide) at a temperature ranging from 0 DEG C to the boiling point ( 
the reaction mixture, preferably from 0 DEG C to 50 DEG C, to give compound (LXIV). 



Step 2: Preparation of compound (LXII) 



[0127] Compound (LXIV) is reacted by a procedure analogous to Process E or F to give compound (LX 

[0128] Compounds of general formula (2) in which group A is represented by formula (8) can be prepai 
for example, as shown in Examples 6 to 10 by the same or equivalent procedure. 



[Process 1] 



[0129] Compound 2 is prepared starting with compound 1 by a procedure analogous to Process E. 
Compound 1 used as a starting material can be prepared according to the method described in 
W099/64393. 



[Process 2] 



[0130] Compound 4 is prepared starting with compound 3 by a procedure analogous to Process E. 
Compound 5 can be obtained by oxidizing compound 4 according to the method described in 
W099/64393. Compound 3 used as a starting material can be prepared according to the method describe 
inW099/64393. 



[Process 3] 



[0131] Process 3 illustrates the synthesis of compound 9 starting with compound 6. Compound 6 used a 
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starting material can be synthesized by, for example, the methods described in J. Org. Chem., 50(1985) 
2121-2123 and J. Org. Chem., 61(1996) 3890-3893. 



Step 1 : Preparation of compound 8 



[0132] In the presence of a base (e.g., sodium hydride, n-butyllithium, potassium tert-butoxide), compoi 
6 is reacted with compound 7 in an inert solvent (e.g., dimethylformamide, tetrahydrofuran, dioxane, 
diethyl ether, dimethyl sulfoxide) at a temperature ranging from 0 DEG C to the boiling point of the 
reaction mixture, preferably from 0 DEG C to 50 DEG C, to give compound 8. 



Step 2: Preparation of compound 9 



[0133] Compound 8 is reacted by a procedure analogous to Process E to give compound 9. 



[Process 4] 



[0134] Process 4 illustrates the synthesis of compound 20 starting with compound 10. 



Step 1 : Preparation of compound 1 1 



[0135] In the presence of an acid catalyst such as sulfuric acid, compound 10 is heated in an alcohol (e.£ 
methanol, ethanol) at a temperature ranging from -78 DEG C to the boiling point of the reaction mixture 
preferably at the boiling point of the reaction mixture, to give compound 11. 



Step 2: Preparation of compound 12 



[0136] Amino and hydroxy 1 groups of compound 1 1 prepared in Step 1 are protected to give compound 
12. 



Step 3: Preparation of compound 13 



[0137] Compound 12 is treated with a reducing agent (e.g., lithium borohydride, etc.) in a solvent (e.g., 
methanol, ethanol or ethanol/tetrahydrofuran) at a temperature ranging from -78 DEG C to the boiling 
point of the reaction mixture, preferably at room temperature, to give compound 13. 



Step 4: Preparation of compound 15 
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[0138] Compound 13 is subjected to Mitsunobu reaction with compound 14 to give compound 15. 



Step 5: Preparation of compound 16 



[0139] Compound 15 is subjected to deprotection of the amino group to give compound 16. 



Step 6: Preparation of compound 17 



[0140] In the presence of a base (e.g., potassium carbonate, potassium t-butoxide, sodium t-butoxide), 
compound 16 is reacted by addition of a metal catalyst such as palladium along with a ligand such as 
diphenylphosphino ferrocene or 2,2-bis(diphenylphosphino)-l,l ! -binaphthyl, preferably by addition of a 
tris(dibenzylideneacetone)dipalladium catalyst along with 2,2-bis(diphenylphosphino)-l,r-binaphthyl, i 
an inert solvent (e.g., benzene, toluene, xylene, dioxane or tetrahydrofuran) at a temperature ranging fro 
78 DEG C to the boiling point of the reaction mixture, preferably at 100 DEG C, to give compound 17. 



Step 7: Preparation of compound 19 



[0141] In the presence of a base (e.g., sodium hydride, n-butyllithium, potassium tert-butoxide, potassiu 
carbonate) and, if necessary, by addition of a reagent such as sodium iodide, compound 17 is reacted wi 
compound 18 in an inert solvent (e.g., dimethylformamide, tetrahydrofuran, dioxane, diethyl ether, 
dimethyl sulfoxide, acetone) at a temperature ranging from 0 DEG C to the boiling point of the reaction 
mixture, preferably at the boiling point of the reaction mixture, to give compound 19. 



Step 8: Preparation of compound 20 



[0142] Compound 19 is reacted by a procedure analogous to Process A or B to give compound 20. 



[Process 5] 



[0143] Process 5 illustrates the synthesis of compound 27 starting with compound 21. 



Step 1: Preparation of compound 23 



[0144] Compound 21 is subjected to protection with TBS, then reacted with aldehyde 22, and then 
protected at its amino group, to give compound 23. 



Step 2: Preparation of compound 25 



file://C :\My%20Documents\EPOV3\WO0 1 42 1 86.html 



3/7/06 



WO0142186 



Page 27 of 77 



[0145] Compound 23 prepared in Step 1 is alkylated with compound 24 to give compound 25. 



Step 3: Preparation of compound 26 



[0146] Compound 25 is subjected to deprotection of the amino group and then treated with a reducing 
agent (e.g., lithium aluminum hydride, etc.) in a solvent (e.g., tetrahydrofuran, ether) at a temperature 
ranging from -78 DEG C to the boiling point of the reaction mixture, preferably at room temperature, to 
give compound 26. 



Step 4: Preparation of compound 27 



[0147] Compound 26 is reacted by a procedure analogous to Process 4 to give compound 27. 



[Process 6] 



[0148] Process 6 illustrates the synthesis of compound 35 starting with compound 28. 
[0149] Compound 35 can be synthesized starting with compound 28 in the following manner. 



Step 1: Preparation of compound 29 



[0150] Compound 29 is prepared from compound 28 by the method described in Synthesis, 12(1995) 
1493-1495 or by an equivalent method. 



Step 2: Preparation of compound 32 



[0151] In the presence of a base (e.g., lithium hexamethyl-disilazide, sodium hexamethyl-disilazide, 
potassium hexamethyl-disilazide, sodium hydride, n-butyllithium, t-butyllithium, lithium 
diisopropylamide, potassium tert-butoxide, aqueous potassium hydroxide, aqueous sodium hydroxide), 
compound 29 is reacted with compound 30 or 31 in an inert solvent (e.g., 1,2-dimethoxy ethane, 
tetrahydrofuran, dioxane, t-butyl methyl ether, diethyl ether, dimethyl sulfoxide, N,N-dimethylformami< 
N,N-dimethylacetamide, toluene) at a temperature ranging from -78 DEG C to the boiling point of the 
reaction mixture, preferably from -78 DEG C to 0 DEG C, to give compound 32. 



Step 3: Preparation of compound 33 

[0152] Compound 32 is isomerized under a basic condition (e.g., tetrabutylammonium 
fluoride/tetrahydrofuran, sodium methoxide/methanol, sodium ethoxide/ethanol, potassium 
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methoxide/methanol, sodium methoxide/propanol, aqueous potassium hydroxide, aqueous sodium 
hydroxide), followed by deprotection of R12 and purification via recrystallization, to give a single isom- 
of formula 33. In the case where R12 is a t-butyldimethylsilyl group, compound 32 is isomerized 
simultaneously with the removal of TBS by treatment with tetrabutylammonium fluoride and further 
purified via recrystallization to give the single isomer of formula 33. 



Step 4: Preparation of compound 34 



[0153] In the presence of a suitable acid (e.g., trifluoroacetic acid, boron trifluoride etherate, titanium 
tetrachloride, aluminum chloride, trifluoromethanesulfonic acid, hydrochloric acid, sulfuric acid), 
compound 33 is reacted with triethylsilane in an inert solvent (e.g., dichloroethane, dichloromethane, 
chloroform, t-butyl methyl ether, toluene) at a temperature ranging from 0 DEG C to the boiling point o 
the reaction mixture, preferably from 0 DEG C to room temperature, to give compound 34. 

Step 5: Preparation of compound 35 



[0154] Compound 34 is reacted by a procedure analogous to Process A or B to give compound 35. 
[Process 7] 



[0155] Process 7 illustrates the synthesis of compound 38 starting with compound 36. 

[0156] Compound 38 can be synthesized starting with compound 37 by a procedure analogous to Procei 
3. Compounds 36 and 37 used as starting materials can be synthesized by the methods described in J. M 
Chem., 40(1997) 21 17-2122 and J. Med. Chem., 33(1990) 3222-3229 or by equivalent methods. 

[Process 8] 



[0157] Process 8 illustrates the synthesis of compound 40 starting with compound 39. 

[0158] Compound 40 can be synthesized starting with compound 39 by a procedure analogous to Proce? 
3. Compound 39 used as a starting material can be synthesized by, for example, the methods described i 
EP0826670A1 and J. Org. Chem., 60(1995) 739-741. 



[Process 9] 



[0159] Compound 42 or 43 can be synthesized in the following manner. Compound 42 can be synthesiz 
from compound 41 by Jones oxidation, PCC oxidation, Swern oxidation, or ruthenium oxidation (e.g., 
TPAP) of the 17-hydroxyl group. Compound 42 is further reacted with R8-M, in which R8 represents a 
lower alkyl group or a lower alkenyl group or a lower alkynyl group and M represents a metal such as 
lithium, sodium, potassium, magnesium, calcium or aluminum, in an inert solvent (e.g., dimethyl 
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sulfoxide, tetrahydrofuran, ether, dimethylformamide) at a temperature ranging from -78 DEG C to the 
boiling point of the reaction mixture, preferably from 0 DEG C to room temperature, to give compound 

[0160] Compound 41 used as a starting material can be synthesized by Process E, F or 6. 



[Process 10] 



[0161] Compound 45 or 46 can be synthesized in the following manner. Compound 45 can be synthesiz 
from compound 44 by Jones oxidation, PCC oxidation, Swern oxidation, or ruthenium oxidation (e.g., 
TPAP) of the 17-hydroxyl group. Compound 45 is further reacted with R8-M, in which R8 represents a 
lower alkyl group or a lower alkenyl group or a lower alkynyl group and M represents a metal such as 
lithium, sodium, potassium, magnesium, calcium or aluminum, in an inert solvent (e.g., dimethyl 
sulfoxide, tetrahydrofuran, ether, dimethylformamide) at a temperature ranging from -78 DEG C to the 
boiling point of the reaction mixture, preferably from 0 DEG C to room temperature, to give compound 

[0162] Compound 44 used as a starting material can be synthesized by Process A, B, C or D. 



[Process 11] 



[0163] Compound 53 can be synthesized in the following maimer. 

[0164] Compound 47 is subjected to protection of its hydroxyl groups, and then oxidized between 9- an* 
1 1 -position using DDQ (2,3-dichloro- 5,6-dicyanobenzoquinone) and the like to give compound 48. 

[0165] Compound 48 is converted into compound 49 by the method described in J. Org. Chem., 1995, 6 
5316-5318. 

[0166] Compound 49 is subjected to Swern oxidation, Jones oxidation, PCC oxidation, or ruthenium 
oxidation (e.g., TPAP) to give compound 50. 

[0167] Compound 50 is reacted with an organometallic reagent (e.g., allylmagnesium halide) in an inert 
solvent (e.g., tetrahydrofuran, ether) at a temperature ranging from -78 DEG C to the boiling point of tb 
reaction mixture, preferably from -48 DEG C to room temperature, to give compound 51. 

[0168] Compound 51 is dehydrated to remove its hydroxyl group using thionyl chloride/pyridine and th 
like to give compound 52. 

[0169] Compound 52 can be converted into compound 53 by Process A, B, C or D. 



[Process 12] 



[0170] Compound 55 can be synthesized by subjecting compound 54 to reactions analogous to Process : 
Compound 54 can be synthesized according to documented methods (Drugs Future, 1978, 3, 211-215; J 
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Med. Chem., 1967, 10, 78-84; J. Med. Chem., 1998, 41, 2928-2931). 



[Process 13] 



[0171] Compound 56 can be converted into compound 57 by the following steps: 1) 1,2-addition with 3 
Mg-(CH2)mOR12, 2) dehydration, 3) reduction and 4) deprotection (R12), and then subjected to reactic 
analogous to Scheme E to give compound 58. 



[Process 14] 



[0172] In the presence of a catalyst such as benzylidene-bis(tricyclohexylphosphine)dichlororuthenium, 
compound 59 is reacted with chiral olefin 60 in a solvent (e.g., methylene chloride, chloroform, benzene 
toluene, xylene, dioxane, tetrahydrofuran, dimethyl sulfoxide or dimethylformamide) at a temperature 
ranging from -78 DEG C to the boiling point of the reaction mixture, preferably at the boiling point of tl 
reaction mixture, to give compound 61. Compound 61 is then subjected to the following reactions in the 
order stated, (a) reduction, deprotection and hydrolysis or (b) reduction, hydrolysis and deprotection, to 
give compound 62. 



(a) Reduction, deprotection and hydrolysis 



1) Reduction 



[0173] In the presence of a catalyst (e.g., palladium on activated carbon, palladium hydroxide, platinum 
oxide or Wilkinson's catalyst), compound 61 is hydrogenated in an inert solvent (e.g., methanol, ethanol 
ethyl acetate, tetrahydrofuran, dioxane or benzene) at a temperature ranging from 0 DEG C to the boilin 
point of the reaction mixture, preferably at room temperature, to give a reduction product. 



2) Deprotection 



[0174] Next, deprotection of the phenolic hydroxyl group is carried out to give a deprotected product. 



3) Hydrolysis 



[0175] By way of example, if R* is a group of formula 63, the deprotected product is further treated wit 
lithium hydroxide, sodium hydroxide, lithium hydroxide plus hydrogen peroxide, sodium hydroxide plu 
hydrogen peroxide, or tetrabutylammonium hydroxide plus hydrogen peroxide in a solvent (e.g., a 
tetrahydrofuran/water mixture, a diethyl ether/water mixture, a dioxane/water mixture, a 
dimethoxyethane/water mixture, a methanol/water mixture, an ethanol/water mixture) at a temperature 
ranging from room temperature to the boiling point of the reaction mixture, preferably at room 
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temperature, to give compound 62. 



(b) Reduction, hydrolysis and deprotection 



1) Reduction 



[0176] In the presence of a catalyst (e.g., palladium on activated carbon, palladium hydroxide, platinum 
oxide or Wilkinson's catalyst), compound 61 is hydrogenated in an inert solvent (e.g., methanol, ethanol 
ethyl acetate, tetrahydrofuran, dioxane or benzene) at a temperature ranging from 0 DEG C to the boilin 
point of the reaction mixture, preferably at room temperature, to give a reduction product. 

2) Hydrolysis 



[0177] By way of example, if R* is a group of formula 63, the reduced product is further treated with 
lithium hydroxide, sodium hydroxide, lithium hydroxide plus hydrogen peroxide, sodium hydroxide plu 
hydrogen peroxide, or tetrabutylammonium hydroxide plus hydrogen peroxide in a solvent (e.g., a 
tetrahydrofuran/water mixture, a diethyl ether/water mixture, a dioxane/water mixture, a 
dimethoxyethane/water mixture, a methanol/water mixture, an ethanol/water mixture) at a temperature 
ranging from room temperature to the boiling point of the reaction mixture, preferably at room 
temperature, to give a carboxylic acid. 



3) Deprotection 



[0178] Next, deprotection of the phenolic hydroxyl group is carried out to give compound 62. 

[0179] The chiral olefin of formula 60 used in the above process can be synthesized as shown in Reactic 
Scheme 15. 



[Process 15] 



[Synthesis of chiral olefin] 



[0180] In the presence of a base (e.g., lithium diisopropylamide, lithium hexamethyl-disilazide, sodium 
hexamethyl-disilazide, butyllithium) and HMPA, compound 67 is reacted with R2(CH2)n-Ll in an inen 
solvent (e.g., tetrahydrofuran, toluene, diethyl ether, hexane, preferably tetrahydrofuran) at a temperatur 
ranging from -78 DEG C to the boiling point of the reaction mixture, preferably from -30 DEG C to roo 
temperature, to give compound 60. 

[0181] Chiral olefin 60 can also be synthesized in the following manner. 
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[0182] In the presence of a base (e.g., lithium diisopropylamide, lithium hexamethyl-disilazide, sodium 
hexamethyl-disilazide, butyllithium) and HMPA, compound 68 is reacted with compound 69 in an inert 
solvent (e.g., tetrahydrofiiran, toluene, diethyl ether, hexane, preferably tetrahydrofiiran) at a temperatur 
ranging from -78 DEG C to the boiling point of the reaction mixture, preferably from -30 DEG C to roo 
temperature, to give compound 60. 



[Process 16] 

[0183] Compound 70 can be converted into compound 73 by a procedure analogous to Process 14. 



[Process 17] 



[0184] Compound 75 having substituents R21, R22, R23 and R24 on its benzene ring can be converted 
into compound 77 by a procedure analogous to Process G. Each of R21, R22, R23 and R24 independent 
represents a hydrogen atom, a linear or branched C1-C5 alkyl group, a linear or branched C1-C7 
halogenoalkyl group, a halogen atom or an acyl group. 



[Process 18] 



[0185] Compound 78 is reacted with compound 79 in the presence of a base to give compound 80. 
Compound 81 can be synthesized from compound 80 according to Processes 3 and K. 



[Process 19] 



[0186] Compound 82 synthesized according to the method described in J. Med. Chem., 1057(1984) is 
subjected to Friedel-Craft reaction with compound 83 and then treated according to Process 3. 



EXAMPLES 



[0187] The present invention is more specifically explained by the following examples. However, it sho 
be understood that the present invention is not limited to these examples in any manner. In order to expl 
the effectiveness of the compounds according to the present invention, representative compounds were 
tested for their anti-estrogenic activity in the test example shown below. Table 1 shows chemical structu 
of the compounds prepared in the Examples. 
EMI65.1 

EMI66.1 

EMI67.1 
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EMI68.1 



Example 1 



Synthesis of 6-methoxy-2-(4-methoxyphenyl)- 1 -(2-propenyl)-naphthalene 



(Step 1) 



EMI68.2 



[0189] 6-Methoxy-2-naphthol (22.1 g, 127.0 mmol) was dissolved in acetone (200 ml). Potassium 
carbonate (70.2 g, 508.0 mmol) and allyl bromide (16.5 ml, 191.0 mmol) were added to the resulting 
solution followed by stirring for 2 days at room temperature. After the reaction mixture was filtered, the 
organic solvent was distilled off under reduced pressure. Water was added to the residue, which was the 
extracted with ethyl acetate. The organic layer was washed with saturated aqueous sodium chloride and 
dried over anhydrous sodium sulfate. The organic solvent was distilled off again to give 6-methoxy-2-(2 
propenyloxy)naphthalene (24.9 g, Yield 91%) as a crude product. 

[0190] <1>H-NMR(270 MHz, CDC13): delta 7.66-7.60 (m, 2H, Ar-H), 7.18-7.10 (m, 4H, Ar-H), 6.20-6 
(m, 1H, CH2=CHCH2-), 5.45 (dd, J=18.8, 1.3Hz, 1H, CH2=CHCH2-), 5.31 (dd, J=10.5, 1.3Hz, 1H, 
CH2=CHCH2-), 4.62 (d, J=5.3Hz, 2H, CH2=CHCH2-), 3.90 (s, 3H, -OCH3). 



(Step 2) 



EMI69.1 



[0192] 6-Methoxy-2-(2-propenyloxy)naphthalene (24.9 g, 1 16.2 mmol) was dissolved in N,N-dimethyl 
aniline (100 ml) followed by heating under reflux for 15 hours. After the organic solvent was distilled o 
under reduced pressure, 2N aqueous hydrochloric acid was added to the residue, which was then extract 
with ethyl acetate. The organic layer was washed with saturated aqueous sodium chloride and dried ove: 
anhydrous sodium sulfate. After distilling off the solvent, the residue was purified by silica gel column 
chromatography (eluent: ethyl acetate/hexane = 1/4), followed by recrystallization from ethyl 
acetate/hexane, to give 6-methoxy-l-(2-propenyl)-2-naphthol (20.3 g, Yield 82%). 

[0193] <1>H-NMR(270 MHz, CDC13): delta 7.80 (d, J=9.3Hz, 1H, Ar-H), 7.56 (d, J=8.9Hz, 1H, Ar-H) 
7.16 (dd, J=9.3, 2.7Hz, 1H, Ar-H), 7.1 1 (d, J=2.7Hz, 1H, Ar-H), 7.07 (d, J=8.9Hz, 1H, Ar-H), 6.13-5.98 
(m, 1H, CH2=CHCH2-), 5.10 (dd, J=10.0, 1.3Hz, 1H, CH2=CHCH2-), 5.04 (dd, J=17.5, 1.3Hz, 1H, 
CH2=CHCH2-), 4.93 (s, 1H, -OH), 3.90 (s, 3H, -OCH3), 3.79 (d, J=5.9Hz, 2H, CH2=CHCH2-). 
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(Step 3) 



EMI70.1 



[0195] 6-Methoxy-l-(2-propenyl)-2-naphthol (18.77 g, 87.6 mmol) was dissolved in dichloromethane (: 
ml). To this solution, pyridine (21.3 ml, 262.8 mmol) and trifluoromethanesulfonic anhydride (22.1 ml, 
131.4 mmol) were added dropwise at 0 DEG C, and the resulting mixture was stirred for 30 minutes. Al 
the reaction was completed, water was added at 0 DEG C to the reaction mixture, which was then extrac 
with ethyl acetate. The organic layer was washed with dilute hydrochloric acid and saturated aqueous 
sodium chloride, and then dried over anhydrous sodium sulfate. After distilling off the solvent, the resid 
was purified by silica gel column chromatography (eluent: ethyl acetate/hexane = 1/9) to give 6-methox 
l-(2-propenyl)-2-naphthyl trifluoromethanesulfonate (30.8 g, Yield 100%). 

[0196] <1>H-NMR(270 MHz, CDC13): delta 7.95 (d, J=9.3Hz, 1H, Ar-H), 7.69 (d, J=8.9Hz, 1H, Ar-H) 
7.35 (d, J=8.9Hz, 1H, Ar-H), 7.25 (dd, J-9.3, 2.7Hz, 1H, Ar-H), 7.17 (d, J=2.7Hz, 1H, Ar-H), 6.07-5.94 
(m, 1H, CH2=CHCH2-), 5.10 (dd, J=10.0, 1.3Hz, 1H, CH2=CHCH2-), 5.02 (dd, J=17.2, 1.3Hz, 1H, 
CH2=CHCH2-), 3.93 (s, 3H, -OCH3), 3.89 (d, J=5.6Hz, 2H, CH2=CHCH2-). 



(Step 4) 



EMI71.1 



[0198] 4-Methoxyphenylboronic acid (10.15 g, 66.8 mmol), tripotassium phosphate hydrate (77.6 g, 27! 
mmol) and tetrakis(triphenylphosphine)palladium(0)(1.93 g, 1.67 mmol, 3 mol%) were added to a solut 
of 6-methoxy-l-(2-propenyl)-2-naphthyl trifluoromethanesulfonate (19.3 g, 55.66 mmol) in dioxane (3C 
ml), followed by heating under reflux for 8 hours under argon atmosphere. Water was added to the read 
mixture, which was then extracted with ethyl acetate, washed with saturated aqueous sodium chloride, a 
dried over anhydrous sodium sulfate. After distilling off the solvent, the residue was purified by silica g 
column chromatography (eluent: ethyl acetate/hexane = 1/9), followed by recrystallization from hexane. 
give 6-methoxy-2-(4-methoxyphenyl)-l-(2-propenyl)naphthalene (12.65 g, Yield 75%). 

[0199] <1>H-NMR(270 MHz, CDC13): delta 7.95 (d, J=9.8Hz, 1H, Ar-H), 7.65 (d, J=8.5Hz, 1H, Ar-H) 
7.35 (d, J=8.9Hz, 1H, Ar-H), 7.34-7.16 (m, 4H, Ar-H), 6.96 (d, J=8.6Hz, 2H, Ar-H), 6.16-6.02(m. 1H, 
CH2=CHCH2-), 5.06 (dd, J=10.2, 1.6Hz, 1H, CH2=CHCH2-), 4.83 (dd, J=17.2, 1.6Hz, 1H, 
CH2=CHCH2-), 3.94 (s, 3H, -OCH3), 3.87 (s, 3H, -OCH3), 3.73 (d, J=5.3Hz, 2H, CH2=CHCH2-). 



Example 2 



Synthesis of diethyl 2-(5-hexenyl)-2-(4,4,5,5,5-pentafluoropentyl)malonate 
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EMI72.1 



[0201] A solution of diethyl 2-(4,4,5,5,5-pentafluoropentyl)malonate (4.0 g, 12.5 mmol) in dimethyl 
sulfoxide (30 ml) was cooled to 10 DEG C. To this solution, 60% sodium hydride (600 mg, 15 mmol) w 
added, and the resulting mixture was stirred for 1 hour at room temperature. 6-Bromo-l-hexene (2.5 ml, 
18.75 mmol) was slowly added dropwise to the reaction mixture, followed by stirring for 3 hours at rooi 
temperature. Water was added to the reaction mixture, which was then extracted with ethyl acetate. The 
organic layer was washed with water and saturated aqueous sodium chloride, and then dried over 
anhydrous sodium sulfate. After distilling off the solvent, the residue was purified by silica gel column 
chromatography (eluent: ethyl acetate/hexane = 1/9) to give diethyl 2-(5-hexenyl)-2-(4,4,5,5,5- 
pentafluoropentyl)malonate (3.86 g, Yield 77%). 

[0202] <1>H-NMR(270 MHz, CDC13): delta 5.82-5.72 (m, 1H, -CH=CH2), 5.02-4.92 (m, 2H, - 
CH=CH2), 4.19 (q, J=7.3Hz, 4H, -C02CH2CH3), 2.10-1.86 (m, 8H), 1.53-1.34 (m, 6H), 1.26 (t, J=7.3I 
6H, -C02CH2CH3). 



Example 3 



Synthesis of 9-[6-hydroxy-2-(4-hydroxyphenyl)naphth-l-yl]-2-(4,4,5,5,5-pentafluoropentyl)nonanoic a( 



(Step 1) 



EMI73.1 



[0204] The diethyl 2-(5-hexenyl)-2-(4,4,5,5,5-pentafluoropentyl)-malonate prepared in Example 2 (1.83 
4.55 mmol) and benzylidene-bis(tricyclohexylphosphine)dichlororuthenium (94 mg, 0.1 1 mmol) were 
added to a solution of 6-methoxy-2-(4-methoxyphenyl)-l-(2-propenyl)naphthalene (692 mg, 2.28 mmol 
in dichloromethane (10 ml), followed by heating under reflux for 20 hours under argon atmosphere. Aft 
distilling off the solvent, the residue was purified by silica gel flash column chromatography (eluent: 
hexane/ethyl acetate = 10/1) to give the desired olefin (1.8 g) as a mixture of cis- and trans-forms and si 
chain dimer. This mixture was dissolved in ethyl acetate (20 ml), and 10% palladium carbon (236 mg) v 
added to the resulting solution followed by stirring for 2 hours at room temperature under hydrogen 
atmosphere. The catalyst was removed by filtration and the solvent was distilled off under reduced 
pressure. The residue was purified by silica gel flash column chromatography (eluent: hexane/ethyl acet 
= 4/1) to give diethyl 2-[7-[6-methoxy-2-(4-methoxyphenyl)napht-l-yl]heptyl]-2-(4,4,5,5,5- 
pentafluoropentyl)malonate (1.05 g, Yield 68%). 

[0205] <1>H-NMR (270 MHz, CDC13) delta : 7.96 (d, J= 9.3 Hz, 1H, Ar-H), 7.59 (d, J- 8.2 Hz, 1H, Ai 
H), 7.30-7.21 (m, 4H, Ar-H), 7.18-7.15 (m, 1H, Ar-H), 6.97 (d, J= 8.6Hz, 2H, Ar-H), 4.18 (q, J= 7.0 Hz 
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4H, -C02CH2CH3), 3.94 (s, 3H, -OCH3), 3.88 (s, 3H, -OCH3), 2.97-2.91 (m, 2H, naphtyl-CH2-), 2.09 
2.03 (m, 2H, -CH2CF2), 1.99-1.82 (m, 4H, alkyl-H), 1.55-1.45(m, 6H, alkyl-H), 1.23(t, J=7.0Hz, 6H, - 
CQ2CH2CH3), 1.10-1.04(m, 6H, alkyl-H). 



(Step 2) 



EMI74.1 



[0207] Diethyl 2-[7-[6-methoxy-2-(4-methoxyphenyl)nap 

malonate (1.02 g, 1.5 mmol) was dissolved in ethanol (10 ml). To this solution, sodium hydroxide (1.2 £ 
30 mmol) and water (1 ml) were added, and the resulting mixture was heated under reflux for 3 hours. 
Dilute hydrochloric acid was added to the reaction mixture, which was then extracted with ethyl acetate 
The organic layer was washed with saturated aqueous sodium chloride and dried over anhydrous sodiun 
sulfate. The solvent was distilled off to give 2-[7-[6-methoxy-2-(4-methoxyphenyl)napht-l-yl]heptyl]-2 
(4,4,5,5,5-pentafluoropentyl)malonic acid (1.0 g). 

[0208] Next, the resulting 2-[7-[6-methoxy-2-(4-methoxyphenyl)napht-l-yl]heptyl]-2-(4,4,5,5,5- 
pentafluoropentyl)-malonic acid (1.0 g) was dissolved in dimethyl sulfoxide (10 ml) and the mixture wa 
heated for 4 hours at 120 DEG C. Water was added to the reaction mixture, which was then extracted w: 
ethyl acetate. The organic layer was washed with saturated aqueous sodium chloride and dried over 
anhydrous sodium sulfate. After distilling off the solvent, the residue was purified by silica gel column 
chromatography (eluent: ethyl acetate/hexane = 1/1) to give 9-[6-methoxy-2-(4-methoxyphenyl)naphth- 
yl]-2-(4,4,5,5,5-pentafluoropentyl)nonanoic acid (820 mg, Yield 94%). 

[0209] <1>H-NMR(270 MHz, CDC13): delta 7.97 (d, J= 8.9Hz, 1H, Ar-H), 7.59 (d, J= 8.2 Hz, 1H, Ar-1 
7.30-7.21 (m, 4H, Ar-H), 7.18-7.15 (m, 1H, Ar-H), 6.97 (d, J= 8.6Hz, 2H, Ar-H), 3.94 (s, 3H, OCH3), 3 
(s, 3H, -OCH3), 2.97-2.91 (m, 2H, naphtyl-CH2-), 2.38-2.35(m, 1H, -CHC02), 2.09-1.94 (m, 2H, - 
CH2CF2), 1.73-1.41(m, 8H, alkyl-H), 1.29-1. 18(m, 8H, alkyl-H). 



(Step 3) 



EMI76.1 



[021 1] A solution of boron tribromide in dichloromethane (1.0 M, 8.5 ml, 8.47 mmol) was added dropw 
to a solution of 9-[6-methoxy-2-(4-methoxyphenyl^ 

acid (820 mg, 1.41 mmol) in dichloromethane (20 ml) at -78 DEG C under argon atmosphere. The react 
mixture was warmed with stirring to 0 DEG C over 5 hours. Water was added to the reaction mixture, 
which was then extracted with ethyl acetate. The organic layer was washed with water and saturated 
aqueous sodium chloride, and then dried over anhydrous magnesium sulfate. After distilling off the 
solvent, the residue was purified by silica gel column chromatography (eluent: ethyl acetate/hexane = 3/ 
followed by column chromatography on reversed-phase silica gel RP-18 (eluent: acetonitrile containing 
0.1% trifluoroacetic acid/water = 3/2), to give 9-[6-hydroxy-2-(4-hydroxyphenyl)naphth-l-yl]-2-(4,4,5,: 
pentafluoropentyl)nonanoic acid (633 mg, Yield 81%). 
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[0212] <1>H-NMR(270 MHz, CD30D): delta 7.93 (d, J= 9.9Hz, 1H, Ar-H), 7.47 (d, J= 8.2 Hz, 1H, Ar 
H), 7.18-7.11 (m, 5H, Ar-H), 6.85 (d, J= 9.3Hz, 2H, Ar-H), 2.97-2.91 (m, 2H, naphtyl-CH2-), 2.34-2.29 
(m, 1H, -CHC02), 2.20-1.99 (m, 2H, -CH2CF2), 1.62-1.41 (m, 6H, alkyl-H), 1.27-1.18 (m, 10H, alkyl- 



Example 4 



Synthesis of 1 l-[6-hydroxy-2-(4-hydroxyphenyl)naphth-l-yl]-^^ 
acid 



EMI77.1 



[0214] The same procedures as shown in Examples 1, 2 and 3 were repeated to give 1 l-[6-hydroxy-2-(4 
hydroxyphenyl)naphth-l-yl]-2-(4,4,5,5,5-pentafluoropentyl)undecanoic acid. 

[0215] <1>H-NMR (270 MHz, CDC13): delta 7.98(d, 1H), 7.54(d, 1H), 7.33-7.03(m, 5H), 6.88(d, 2H), 
2.93(t, 2H), 2.5(m, 1H), 2.2-1. 0(m, 22H) 



Example 5 



Synthesis of 1 0-[( 1 RS,2RS)-6-hydroxy-2-(4-hydroxyphenyl)-2-methy 1- 1 ,2,3 ,4-tetrahydro- 1 -naphthyl]-2 
(4,4,5,5,5-pentafluoropentyl)decanoic acid 



(Step 1) 



EMI78.1 



[0217] 6-Methoxy-2-(4-methoxyphenyl)-2-methyl-l,2,3,4-tetrahydro-naphthalen-l-one was synthesizec 
by the method described in U.S. Patent No. 4,904,661. A solution of this compound (1.5 g, 5.1 mmol) a; 
dissolved in anhydrous tetrahydrofuran (25 ml) was added dropwise to a solution of lithium aluminum 
hydride in anhydrous tetrahydrofuran (1M in THF, 2.6 ml, 2.6 mmol) at -78 DEG C under argon 
atmosphere. The reaction was continued for 1.5 hours. The reaction mixture was then warmed slowly to 
room temperature and stirred for 8 hours. Saturated aqueous ammonium chloride was added to the react 
mixture, which was then extracted with ethyl acetate. The organic layer was washed with saturated 
aqueous sodium bicarbonate, water and saturated aqueous sodium chloride, dried over anhydrous 
magnesium sulfate, and then evaporated to remove the solvent. The resulting residue was dissolved in 1 
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dichloroethane (35 ml). To this solution, zinc iodide (2.02 g, 6.31 mmol) and allyltrimethylsilane (1.67 1 
10.52 mmol) were added at 0 DEG C under argon atmosphere, and the resulting mixture was stirred for 
hours at room temperature. Water was added to the reaction mixture, which was then extracted with 
dichloromethane. The organic layer was washed with saturated aqueous sodium bicarbonate, water and 
saturated aqueous sodium chloride, and then dried over anhydrous magnesium sulfate. After distilling o: 
the solvent, the residue was purified by silica gel flash column chromatography (eluent: hexane/ethyl 
acetate = 60/1) to give (lRS,2RS)-6-methoxy-2-(4-methoxyphenyl)-2-methyl-l-(2-propenyl)-l,2,3,4- 
tetrahydronaphthalene (1.27 g, Yield 78%). 

[0218] <1>H-NMR (300 MHz, CDC13): delta 7.31(d, 2H, J=7.5Hz), 6.97(d, 1H, J=7.9Hz), 6.88(d, 2H, 
J=8.7Hz), 6.68-6.65(m, 2H), 5.53(m, 1H), 4.76-4.57(m, 2H), 3.81(s, 3H), 3.78(s, 3H), 2.99-2.78(m, 2H) 
2.81(m, 1H), 2.28(m,lH), 1.98-1.92(m, 2H), 1.71(m, 1H), 1.17(s, 3H). 



(Step 2) 



EMI79.1 



[0220] The (lRS,2RS)-6-methoxy-2-(4-methoxyphenyl)-2-methyl-l-(2-propenyl)-l,2,3,4- 
tetrahydronaphthalene thus prepared was converted into 10-[(lRS,2RS)-6-hydroxy-2-(4-hydroxyphenyl 
2-methyl-l,2,3,4-tetrahydro-l-naphthyl]-2-(4,4,5,5,5-pentafluoropentyl)decanoic acid by a procedure 
analogous to Example 3. 

[0221] <1>H-NMR (300 MHz, CDC13): 6 7.23(d, 2H, J=7.5Hz), 6.90(d, 1H, J=7.9Hz), 6.80(d, 2H, 
J=8.7Hz), 6.58(m, 2H), 2.90(m, 2H), 2.60(d, 1H, J=8.7Hz), 2.37(m, 1H), 2.22(m, 1H), 2.02(m, 2H), 1.8 
(m, 1H), l.37-1.75(m, 6H), 0.86-1.26(m, 17H). 

[0222] Mass(ESI): 585(M+1). 



Example 6 



Synthesis of 2-[544-[(6-hydroxy-2-(4-hydroxyphenyl)benzo-[b]thiophen-3-yl)carbonyl]phenoxy]pentyl 
6,6,7,7,7-pentafluoroheptanoic acid 



(Step 1) 



EMI80.1 



[0224] 4-Methoxybenzoic acid (450 mg, 2.96 mmol), thionyl chloride (3 ml, 44.4 mmol) and anhydrous 
dimethylformamide (1 drop) were added to anhydrous chloroform (10 ml), and the resulting mixture wa 
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refluxed for 3 hours under argon atmosphere and then cooled to room temperature. After the reaction 
mixture was concentrated under reduced pressure, the residue was dissolved in anhydrous 
dichloromethane, and 6-methoxy-2-(4-methoxyphenyl)benzo[b]thiophene (760 mg, 2.8 mmol) synthesi: 
by the method described in J. Med. Chem. 1057(1984) and aluminum chloride (2.37 g, 17.76 mmol) we 
added to the resulting solution followed by stirring for 4 hours at room temperature. Tetrahydrofiiran an 
ice were added to stop the reaction and the reaction mixture was extracted with ethyl acetate. The organ: 
layer was washed with water and saturated aqueous sodium chloride, and then dried over anhydrous 
magnesium sulfate. After distilling off the solvent, the filtrate was concentrated under reduced pressure 
the resulting residue was purified by silica gel column chromatography (eluent: dichloromethane/hexant 
1/1) to give [6-methoxy-2-(4-methoxyphenyl)benzo[b]thiophen-3-yl](4-methoxy-phenyl)-methanone (4 
mg, Yield 39%) as a yellow oil. 

[0225] <1>H-NMR(300 MHz, CDC13): delta 7.80-7.75 (m, 2H), 7.52 (d, 1H, J=8.6Hz), 7.37-7.28 (m, 3 
6.95 (dd, 1H, Jl= 8.9Hz, J2=2.2Hz), 6.78-6.74 (m, 4H), 3.91 (s, 3H), 3.85 (s, 3H), 3.77 (s, 3H). 

(Step 2) 



EMI81.1 



[0227] [6-Methoxy-2-(4-methoxyphenyl)benzo[b]thiophen-3-yl](4-methoxyphenyl)methanone (410 mg 
1.02 mmol) was dissolved in anhydrous dimethylformamide (15 ml), and sodium ethanethiolate (170 m; 
2.04 mmol) was added to the resulting solution followed by stirring for 1.5 hours at a temperature of 90 
DEG C to 100 DEG C under argon atmosphere. The reaction mixture was cooled to room temperature a 
after addition of water, was extracted with ethyl acetate. The organic layer was washed with water and 
saturated aqueous sodium chloride, and then dried over anhydrous magnesium sulfate. After distilling o: 
the solvent, the residue was purified by silica gel column chromatography (eluent: ethyl acetate/hexane 
1/1) to give (4-hydroxyphenyl)[6-methoxy-2-(4-me (322 
mg, Yield 81.6%) as a yellow oil. 

[0228] <1>H-NMR(300 MHz, CDC13): delta 7.70 (d, 2H, J=9.0), 7.51 (d, 1H, J=8.7), 7.33-7.26 (m, 3H 
6.95 (dd, 1H, Jl= 8.9Hz, J2=2.6Hz), 6.75-6.65 (m, 4H), 3.87 (s, 3H), 3.72 (s, 3H). 

(Step 3) 



EMI82.1 



[0230] Diethyl 2-(4,4,5,5,5-pentafluoropentyl)malonate (3 g, 9.37 mmol) was dissolved in dimethyl 
sulfoxide (20 ml), and sodium hydride (60%, 525 mg, 13.11 mmol) was added to the resulting solution 
followed by stirring for 1 hour at room temperature. 5-Bromo-l-chloropentane (7.4 ml, 56.2 mmol) was 
added to the reaction mixture, followed by stirring for 1.5 hours at room temperature. The reaction mixt 
was diluted with water, extracted with ethyl acetate, washed with water and saturated aqueous sodium 
chloride, and then dried over anhydrous magnesium sulfate. The filtrate was concentrated under reducec 
pressure and the resulting residue was purified by silica gel column chromatography (eluent: 
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dichloromethane/hexane = 1/4) to give diethyl 2-(5-chloropentyl)-2-(4 3 4,5,5,5-pentafluoropentyl)malon; 
(3.3 g, Yield 83%) as a colorless oil. 

[0231] <1>H-NMR (300 MHz, CDC13): delta 4.14 (q, 4H, J=7.1Hz), 3.46(t, 2H, J=6.7Hz), 2.06-1.64(m 
8H), 1.50-1.36(m, 4H), 1.24-1. 10(m, 2H), 1.21(t, 6H, J=7.1Hz). 



(Step 4) 



EMI83.1 



[0233] (4-Hydroxyphenyl)[6-methoxy-2-(4-methoxyphenyl)benzo[b]thioph (1 g, 2.5 

mmol) was dissolved in dimethylformamide (15 ml), and sodium hydride (60%, 143 mg, 3.59 mmol) w; 
added to the resulting solution followed by stirring for 1 hour at room temperature. 

[0234] Diethyl 2-(5-chloropentyl)-2-(4,4,5,5,5-pentafluoropentyl)-malonate (1.85 g, 4.35 mmol), sodiur 
iodide (769 mg, 5.13 mmol) and tetrabutylammonium iodide (189 mg, 0.51 mmol) were added to the 
reaction mixture followed by stirring for 24 hours at 60 DEG C. After the reaction mixture was cooled t 
room temperature, saturated aqueous ammonium chloride was added to the reaction mixture, which was 
then extracted with ethyl acetate, dried over anhydrous magnesium sulfate and filtered. The filtrate was 
concentrated under reduced pressure and the resulting residue was purified by silica gel column 
chromatography (eluent: ethyl acetate/hexane = 1/9) to give diethyl 2-[5-[4-[(6-methoxy-2-(4- 
methoxyphenyl)benzo[b]thiophen-3-yl)-carbonyl]-phenoxy]pentyl]-2-(4,4,5,5,5-pentafluoro^ 
malonate (1 .4 g, Yield 70%) as a yellow oil. 

[0235] <1>H-NMR (300 MHz, CDC13): delta 7.73(d, 2H, J=9.1Hz), 7.48(d, 1H, J=8.5Hz), 7.32(d, 2H, 
J=8.6Hz), 7.27(d, 1H, J=2.3Hz), 6.91(dd, 1H, Jl=8.8Hz, J2=2.3Hz), 6.74-6.67(m, 4H), 4.15(q, 4H, 
J=7.1Hz), 3.88(t, 2H, J=6.3Hz), 3.83(s, 3H), 3.70(s, 3H), 2.08-1.82(m, 6H), 1.75-1.71(m, 2H), 1.53-1.3' 
(m,6H), 1.21(t,6H,J=7.1Hz) 



(Step 5) 



EMI84.1 



[0237] Diethyl 2-[5-[4-[(6-methoxy-2-(4-methoxyphen 

pentyl]-2-(4,4,5,5,5-pentafluoropentyl)malonate (1.58 g, 2.03 mmol) was dissolved in dichloromethane 
ml), and aluminum chloride (1.62 g, 12.2 mmol) and ethanethiol (0.25 ml, 10.15 mmol) were added to t 
resulting solution followed by stirring for 1 .5 hours at room temperature. After the reaction mixture was 
cooled to 0 DEG C, tetrahydrofuran (30 ml) was slowly added to the reaction mixture, which was then 
diluted with water and extracted with ethyl acetate. The organic layer was washed with saturated aqueoi 
sodium chloride, dried over anhydrous magnesium sulfate, and then filtered. The filtrate was concentrat 
under reduced pressure and the resulting residue was purified by silica gel column chromatography (elu* 
ethyl acetate/hexane = 1/2) to give diethyl 2-[5-[4-[(6-hydroxy-2-(4-hydroxyphenyl)benzo[b]thiophen-3 
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yl)carbonyl]phenoxy]-pentyl]-2-(4,4,5,5,5-pentafluoropentyl)malonate (1.2 g, Yield 79%) as a brown 
foam. 

[0238] <1>H-NMR (300 MHz, CDC13): delta 7.73(d, 2H, J=9.1Hz), 7.38(d, 1H, J=8.6Hz), 7.18(d, 1H, 
J=2.3Hz), 7.14(d, 2H, J=8.6Hz) s 6.79(dd, 1H, Jl=8.6Hz, J2=2.3H), 6.72(d, 2H, J=9.1Hz), 6.57(d, 2H, 
J=8.6Hz), 4.17(q, 4H, J=7.2Hz), 3.91(t, 2H, J=6.1Hz), 2.10-1.78(m, 6H), 1.74-1.68(m, 2H), 1.54-1.36(n 
4H), 1.26-1.13 (m, 2H), 1.21(t, 6H, J=7.2Hz). 



(Step 6) 



EMI85.1 



[0240] Diethyl 2-[5-[4-[(6-hydroxy-2-(4-hydroxyphenyl)benzo-[b]thiophen-3-yl)carbonyl]phenoxy] 
pentyl]-2-(4,4,5,5,5-pentafluoropentyl)malonate (1.197 g, 1.59 mmol) was dissolved in ethanol (20 ml), 
and potassium hydroxide (3.58 g, 63.8 mmol) dissolved in water (10 ml) was then added. After stirring 
24 hours at 80 DEG C, the reaction mixture was cooled to room temperature, concentrated under reduce 
pressure to remove ethanol, adjusted to pH 3 with 3N aqueous hydrochloric acid, and then extracted wit 
ethyl acetate. The organic layer was dried over anhydrous magnesium sulfate and filtered. The filtrate w 
concentrated under reduced pressure to give 2-[5-[4-[(6-hydroxy-2-(4-hydroxyphenyl)benzo-[b]thiophe: 
3-yl)carbonyl]phenoxy]pentyl]-2-(4,4,5,5,5-pentafluoropentyl)malonic acid (1.1 g) as a brown product, 
which was then used for the subsequent reaction without further purification. 

[0241] <1>H-NMR (300 MHz, CD30D): delta 7.68(d, 2H, J=9.0Hz), 7.38(d, 1H, J=9.0Hz), 7.24(d, 1H. 
J=2.0Hz), 7.1 8(d, 2H, J=8.6Hz), 6.85(dd, 1H, Jl=9.0Hz, J2=2.0Hz), 6.80(d, 2H, J=8.6Hz), 6.63(d, 2H, 
J=8.6Hz), 3.95(t, 2H, J=6.0Hz), 2.21-1.80(m, 6H), 1.74-1.70(m, 2H), 1.58-1.21(m, 6H). 



(Step 7) 



EMI86.1 

<Pro="0243">2-[544-[(6-Hydroxy-2-(4-hydroxyphenyl)benzo[b]-thiophen-3-yl)carbonyl]-phenoxy] 
pentyl]-2-(4,4,5,5,5-pentafluoropentyl )malonic acid (1.1 g, 1.58 mmol) was dissolved in dimethyl 
sulfoxide (10 ml) and stirred for 3 hours at 120 DEG C. The reaction mixture was cooled to room 
temperature, diluted with water, and then extracted with ethyl acetate. The organic layer was dried over 
anhydrous magnesium sulfate and filtered. The filtrate was concentrated under reduced pressure and the 
resulting residue was purified by silica gel column chromatography (eluent: ethyl acetate/hexane = 1/1) 
give 2-[5-[4-[(6-hyd^oxy-2-(4-hydroxyphenyl)benzo[b]thiophen-3-yl)carbonyl]phenoxy]-pentyl]-6,6,7,' 
pentafluoroheptanoic acid (732 mg, Yield 71%) as a yellow solid. 

[0244] <1>H-NMR (300 MHz, CD30D): delta 7.68(d, 2H, J=8.8Hz), 7.38(d, 1H, J=8.8Hz), 7.25(d, 1H. 
J=2.3Hz), 7.18(d, 2H, J=8.6Hz), 6.85(dd, 1H, Jl=8.8Hz, J2=2.3Hz), 6.79(d, 2H, J=8.9Hz), 6.63(d, 2H, 
J=8.6Hz), 3.95(t, 2H, J=6.5Hz), 2.85(m, 1H), 2.15-1.94(m, 2H), 1.78-1.29(m, 12H). 

[0245] Mass(ESI): 651(M+1). 
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Example 7 



Synthesis of 8-[4-[(6-hydroxy-2-(4-hydroxyphenyl)benzo[b]-thiophen-3-yl)carbonyl]phenoxy]-2- 
(4,4,5,5,5-pentafluoropentyl)octanoic acid 



EMI87.1 



[0247] The same procedure as shown in Example 1 was repeated to give 8-[4-[(6-hydroxy-2-(4- 
hydroxyphenyl)benzo[b]-thiophen-3-yl)carbonyl]phenoxy]-2-(4,4,5,5,5-pentafluoropentyl)octanoic acic 

[0248] <1>H-NMR(300 MHz, CDC13): delta 7.68 (d, 2H, J=8.6Hz), 7.38 (d, 1H, J=8.7Hz), 7.24-7.16 (i 
3H), 6.86-6.78 (m, 3H), 6.62 (d, 2H, J=8.3Hz), 3.95 (t, 2H, J=6.4Hz), 2.35 (m, 1H), 2.15-1.95 (m, 2H), 
1.77-1.25 (lm,4H). 

[0249] Mass(ESI): 665 (M+l). 
Example 8 



Synthesis of 2-[2-[4-[(6-hydroxy-2-(4-hydroxyphenyl)benzo-[b]thiophen-3-yl)carbonyl]-phenoxy]ethyl 
6,6,7,7,7-pentafluoroheptanoic acid 



EMI88.1 



[0251] The same procedure as shown in Example 1 was repeated to give 2-[2-[4-[(6-hydroxy-2-(4- 
hydroxyphenyl)benzo[b]-thiophen-3-yl)carbonyl]phenoxy]ethyl]-6,6,7,7,7-pentafluoroheptanoicacid. 

[0252] <1>H-NMR (300 MHz, CDC13+CD30D): delta 7.70(d, 2H, J=8.9Hz), 7.50(d, 1H, J=8.8Hz), 7.: 
(d, 1H, J=2.2Hz), 7.20(d, 2H, J=8.6Hz) 6.90 (dd, 1H, Jl=8.8Hz, J2=2.2Hz), 6.70(d, 2H, J=8.9Hz), 6.65( 
2H, J=8.6Hz), 4.10-3.90(m, 2H), 2.58(m, 1H), 2.18-1.84(m, 4H), 1.82-1.52(m, 4H). 

Example 9 



Synthesis of 2-[3-[4-[(6-hydroxy-2-(4-hydroxyphenyl)benzo-[b]thiophen-3-yl)carbonyl]-phenoxy]propj 
6,6,7,7,7-pentafluoroheptanoic acid 
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EMI88.2 



[0254] The same procedure as shown in Example 1 was repeated to give 2-[3-[4-[(6-hydroxy-2-(4- 
hydroxyphenyl)benzo[b]-thiophen-3-yl)carbonyl]phenoxy]propyl]-6,6,7,7,7-pentafluoroheptanoicacid. 

[0255] <1>H-NMR (300 MHz, CDC13): delta 7.73(d, 2H, J=8.8Hz), 7.47(d, 1H, J=8.8Hz), 7.27(d, 1H, 
J=2.2Hz), 7.21(d, 2H, J=8.6Hz), 6.86(dd, 1H, Jl=8.7Hz, J2=2.3Hz), 6.73(d, 2H, J=8.9Hz), 6.67(d, 2H, 
J=8.6Hz), 3.94(t, 2H, J=6.1Hz), 2.39(m, 1H), 2.10-1.97(m, 2H), 1.82-1.55(m, 8H). 

[0256] Mass(ESI): 623 (M+l) 



Example 10 



Synthesis of 2-[4-[4-[(6-hydroxy-2-(4-hydroxyphenyl)benzo-[b]thiophen-3-yl)carbonyl]phenoxy]butyl] 
6,6,7,7,7-pentafluoroheptanoic acid 



EMI89.1 



[0258] The same procediu-e as shown in Example 1 was repeated to give 2-[4-[4-[(6-hydroxy-2-(4- 
hy(iroxyphenyl)benzo[b]-tbjophen-3-yl)carbonyl]phenoxy]butyl]-6,6,7,7,7-pentafluoroheptanoicacid. 

[0259] <1>H-NMR(300 MHz, CDC13): delta 7.71(d, 2H, J = 8.8Hz), 7.54(d, 1H, J = 8.7Hz), 7.26(d, 1H 
= 2.3Hz), 7.19(d, 2H, J =8.6Hz), 6.88(dd, 1H, Jl=8.8Hz, J2=2.3Hz), 6.69(d, 2H, J=8.8Hz), 6.64(d, 2H, 
J=8.6), 3.93(t, 2H, J = 6.1Hz), 2.38(m, 1H), 2.15-1.47(m, 12H). 

[0260] Mass(ESI): 637 (M+l). 



Example 1 1 



Synthesis of 1 0-[(R)-7-hydroxy-3-(4-hydroxyphenyl)-3,4-dihydro-2H-benzo[ 1 ,4]oxazine-4-yl]-2- 
(6,6,7,7,7-pentafluoroheptyl)decanoic acid 



(Step 1) 



EMI90.1 
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[0262] Thionyl chloride (0.65 ml) was added to (R)-4-hydroxyphenylglyclne (LOO g, 5.98 mmol) in 
methanol (10 ml), followed by stirring overnight at room temperature. The reaction mixture was 
concentrated under reduced pressure and the residue was dissolved in ethyl acetate (20 ml). Saturated 
aqueous sodium bicarbonate (20 ml) and ditert-butyl-dicarbonate (L57 g, 7.19 mmol) were added to the 
resulting solution followed by stirring for 4 hours at room temperature. After the reaction mixture was 
separated into organic and aqueous layers, the organic layer was washed sequentially with water and 
saturated aqueous sodium chloride, and then dried over anhydrous sodium sulfate. After the organic lay< 
was concentrated under reduced pressure, the resulting solids were washed with ethyl acetate/hexane to 
give (R)-N-(tert»butoxycarbonyl)-4-hydroxyphenylglycine methyl ester (1.47 g, Yield 87%). 

[0263] <1>H-NMR (270 MHz, CDC13) delta : 7.18(2H, d, J=8.6Hz), 6.74(2H, d, H=8.6Hz), 5.71(1H, b 
5.50-5.60(lH, m), 5.18-5.26(1H, m), 3.71(3H, s), 1.43(9H, s) 



(Step 2) 



EMI91.1 



[0265] Benzyl bromide (0.66 ml, 5.55 mmol) was added to (R)-(N-tert-butoxycarbonyl)-4- 
hydroxyphenylglycine methyl ester (1.42 g, 5.05 mmol) and potassium carbonate (768 mg, 5.56 mmol) 
acetone (5 ml). The resulting mixture was stirred overnight at room temperature and then heated under 
reflux for 1 hour. After cooling, the reaction mixture was concentrated under reduced pressure. Ethyl 
acetate was added to the resulting residue, which was then washed sequentially with water and saturated 
aqueous sodium chloride and dried over anhydrous sodium sulfate. After the organic layer was 
concentrated under reduced pressure, the resulting solids were washed with ethyl acetate/hexane to give 
(R)-N-(tert-butoxycarbonyl)-4-benzyloxyphenylglycine methyl ester (1.67 g, Yield 89%). 

[0266] <1>H-NMR (270 MHz, CDC13) delta : 7.30-7.45(5H, m), 7.27(2H, d, J=8.6Hz), 6.95(2H, d, 
J=8.6Hz), 6.40-6.55(lH, m), 6.20-6.30(lH, m), 5.05(2H, s), 3.71(3H, s), 1.43(9H, s) 



(Step 3) 



EMI91.2 



[0268] Ethanol (4 ml) was added to (R)-N-(tert-butoxy-carbonyl)-4-benzyloxyphenylglycine methyl est 
(200 mg, 0.538 mmol) and lithium tetrahydroborate (23 mg, 1.06 mmol) in tetrahydrofliran (2 ml), 
followed by stirring overnight at room temperature. The reaction mixture was acidified (pH 4) with 10^ 
citric acid and concentrated under reduced pressure. Ethyl acetate was added to the resulting residue, 
which was then washed sequentially with water and saturated aqueous sodium chloride and dried over 
anhydrous sodium sulfate. The organic layer was concentrated under reduced pressure to give (R)-2-(tei 
butoxycarbonyl)amino-2-(4-benzyloxyphenyl)ethanol (187 mg, Yield 100%). 

[0269] <1>H-NMR (270 MHz, CDC13) delta : 7.27-7.45(5H, m), 7.21(2H, d, J=8.6Hz), 6.96(2H, d, 
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J=8.6Hz), 5.05-5.20(lH, m), 5.05(2H, s), 5.65-5.80(lH, m), 3.75-3.85(2H, m), 2.35(1H, brs), 1.43(9H,s 



(Step 4) 



EMI92.1 



[0271] Diisopropylazodicarboxylate (0.10 ml, 0.603 mmol) was added to (R)-2-(tert-butoxycarbonyl) 
amino-2-(4-benzyloxyphenyl)ethanol (161 mg, 0.469 mmol), 5-benzyloxy-2-bromophenol (131 mg, 0.4 
mmol) and triphenylphosphine (160 mg, 0.610 mmol) in tetrahydrofUran (3 ml) under a nitrogen stream 
followed by stirring for 5 hours at room temperature. Diisopropylazodicarboxylate (0.05 ml, 0.302 mine 
was added to the reaction mixture followed by stirring for 3 hours at room temperature. Water was adde 
to the reaction mixture, which was then extracted with ethyl acetate. The organic layer was washed 
sequentially with water and saturated aqueous sodium chloride, dried over anhydrous sodium sulfate, an 
then concentrated under reduced pressure. The resulting residue was purified by silica gel column 
chromatography (eluent: ethyl acetate/hexane = 1/4, v/v) to give (R)-N-(tert-butoxycarbonyl)-2-(5- 
benzyloxy-2-bromophenoxy)-l-(4-benzyloxyphenyl)ethylamine (214 mg, Yield 75%). 

[0272] <1>H-NMR (270 MHz, CDC13) delta : 7.25-7.45(13H, m), 6.95(2H, d, J=8.6Hz), 6.40-6.55(2H, 
m), 5.35-5.50(lH, m), 5.05(2H, s), 5.00(2H, s), 4.95-5.05(lH, m), 4.05-4.25(2H, m), 1.42(9H, m) 



(Step 5) 



EMI93.1 



[0274] Trifluoroacetic acid (1 ml) was added to (R)-N-(tert-butoxycarbonyl)-2-(5-benzyloxy-2- 
bromophenoxy)-l-(4-benzyloxyphenyl)ethylamine (200 mg, 0.331 mmol) in methylene chloride (1 ml), 
followed by stirring for 1 hour at room temperature. The reaction mixture was concentrated under reduc 
pressure, made basic with saturated aqueous sodium bicarbonate, and then extracted with ethyl acetate. 
The organic layer was washed with saturated aqueous sodium chloride, dried over anhydrous sodium 
sulfate, and concentrated under reduced pressure. The resulting residue was purified by silica gel colum 
chromatography (eluent: ethyl acetate/hexane = 2/1, v/v) to give (R)-2-(5-benzyloxy-2-bromophenoxy)- 
(4-benzyloxyphenyl)ethylamine (127 mg, Yield 76%). 

[0275] <1>H-NMR (270 MHz, CDC13) delta : 7.25-7.45(13H, m), 6.97(2H, d, J=8.6Hz), 6.42-6.53(2H, 
m), 5.07(2H, s), 5.00(2H, s), 4.42(1H, dd, J=8.9, 3.6Hz), 4.07(1H, dd, J=8.9, 3.6Hz), 3.87(1H, dd, J=8.S 
8.9Hz), 1.77(2H, brs) 



(Step 6) 



EMI94.1 
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[0277] A solution of (R)-2-(5-benzyloxy-2-bromophenoxy)-l-(4-benzyloxyphenyl)ethylam^ (120 mg. 
0.238 mmol), tris(dibenzylideneacetone)dipalladium (11 mg, 0.012 mmol), 2,2 f -bis(diphenylphosphino) 
l,l ! -binaphthyl (15 mg, 0.024 mmol) and potassium-t-butoxide (37 mg, 0.330 mmol) in toluene (2.5 ml] 
was stirred for 3 hours at 100 DEG C under a nitrogen stream. After cooling, water was added to the 
reaction mixture, which was then extracted with ethyl acetate. The organic layer was washed with 
saturated aqueous sodium chloride, dried over anhydrous sodium sulfate, and concentrated under reduce 
pressure. The resulting residue was purified by silica gel column chromatography (eluent: ethyl 
acetate/hexane = 1/5, v/v) to give (R)-7-benzyloxy-3-(4-benzyloxy-phenyl)-3,4-dihydro-2H-benzo[l,4] 
oxazin (55.4 mg, Yield 55%). 

[0278] <1>H-NMR (270 MHz, CDC13) delta : 7.25-7.50Q2H, m), 6.98(2H, d, J=8.6Hz), 6.58(1H, d, 
J=8.6Hz), 6.55(1H, d, J=2.6Hz), 6.48(1H, dd, J=8.6, 2.6Hz), 5.07(2H, s), 4.99(2H, s), 4.39(1H, dd, J=8. 
2.6Hz), 4.22(1H, dd, J=10.6, 2.6Hz), 3.96(1H, dd, 10.6, 8.9Hz), 3.73(1H, brs) 



(Step 7) 



EMI95.1 



[0280] A solution of (R)-7-benzyloxyO-(4-benzyloxyphenyl)-3,4-dihydro-2H-benzo[l,4]oxazine (47.6 
mg, 0.112 mmol), sodium iodide (67 mg, 0.450 mmol), potassium carbonate (31 mg, 0.224 mmol) and 
allyl bromide (0.04 ml, 0.473 mmol) in acetone (1 ml) was stirred for 3 hours at 50 DEG C under a 
nitrogen stream and then heated under reflux for 7 hours. After cooling, water was added to the reaction 
mixture, which was then extracted with ethyl acetate. The organic layer was washed with saturated 
aqueous sodium chloride, dried over anhydrous sodium sulfate, and concentrated under reduced pressur> 
The resulting residue was purified by silica gel column chromatography (eluent: ethyl acetate/hexane = 
1/5, v/v) to give (R)-4-allyl-7-benzyloxy-3-(4-benzyloxyphenyl)-3,4-dihydro-2H-benzo[l,4]oxazine (44 
mg, Yield 85%). 

[0281] <1>H-NMR (270 MHz, CDC13) delta : 7.25-7.45(10H, m), 7.20(2H, d, J=8.6Hz), 6.95(2H, d, 
J=8.6Hz), 6.74(1H, d, J=9.6Hz), 6.50-6.56(2H, m), 5.68-5.85(lH, m), 5.06-5.17(2H, m), 5.05(2H, s), 4: 
(2H, s), 4.33(1H, d, J=6.9, 3.0Hz), 4.19(1H, dd, J=10.9, 3.0Hz), 4.11(1H, dd, J=10.9, 6.9Hz), 4.85-4.98 
(1H, m), 3.47(1H, dd, J=16.8, 6.3Hz) 



(Step 8) 



EMI96.1 



1) A solution of (R)-4-allyl-7-benzyloxy-3-(4-benzyto^ (1 
mg, 0.382 mmol), 2-(6,6,7,7,7-pentafluoroheptyl)-non-8-enoic acid ethyl ester (285 mg, 0.765 mmol) ai 
benzylidene-bis(tricyclohexylphosphine)-dichlororuthenium (16 mg, 0.019 mmol) in dichloromethane^ 
ml) was heated under reflux for 5 hours under a nitrogen stream. The reaction mixture was further mixe 
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with 2-(6,6,7,7,7-pentafluoroheptyl)-non-8-enoic acid ethyl ester (71 mg, 0.190 mmol) and benzylidene 
bis(tricyclohexylphosphine)-dichlororuthenium (16 mg, 0.019 mmol) and then heated under reflux for 2 
hours. After cooling, the reaction mixture was concentrated under reduced pressure. The resulting residi 
was purified by silica gel column chromatography (eluent: chloroform/hexane = 3/1, v/v) to give an oil 
(197 mg). 

2) A mixture of the oil prepared in 1) above and 10% Pd-C (13 mg, 0.012 mmol) in ethanol/methanol (1 
3 ml) was stirred for 13 hours at room temperature under a hydrogen stream. After the reaction mixture 
was filtered through cellite, the mother liquid was concentrated under reduced pressure. The resulting 
residue was subjected to two additional reduction reactions as stated above. The resulting residue was 
further purified by silica gel column chromatography (eluent: ethyl acetate/hexane = 1/2 1/1, v/v) to giv- 
ethyl 10-[(R)-7-hyckoxy-3-(4-hydro^^ 
pentafluoroheptyl)decanoate (60.2 mg, Yield 26%). 



[0283] <1>H-NMR (270 MHz, CD30D) delta : 7.13(2H, d, J=8.6Hz), 6.78(2H, d, J=8.6Hz), 6.65(1H, c 
J=8.6Hz), 6.36(1H, dd, J=8.6, 2.6Hz), 6.29(1H, d, J=2.6Hz), 4.27(1H, dd, J=6.3, 3.0Hz), 4.00-4.20(4H, 
3.20-3.35(lH, m), 2.80-2.95(lH, m), 2.30-2.45(lH, m), 2.00-2.23(2H, m), 1.15-1.70(25H, m) 



(Step 9) 



EMI97.1 



[0285] Aqueous sodium hydroxide (IN, 1 ml) was added to ethyl 10-[(R)-7-hydroxy-3-(4-hydroxyphen; 
3,4-dihydro-2H-benzo[l,4]-oxazm^ (56.8 mg, 0.0902 

mmol) in ethanol (1 ml) under a nitrogen stream, followed by stirring for 7 hours at 50 DEG C. After 
cooling, the reaction mixture was acidified with IN aqueous hydrochloric acid and extracted with ethyl 
acetate. The organic layer was washed sequentially with water and saturated aqueous sodium chloride, 
dried over anhydrous sodium sulfate, and then concentrated under reduced pressure. The resulting residi 
was purified by silica gel column chromatography (eluent: ethyl acetate/hexane = 1/1, v/v) to give 10-[( 
7-hydroxy-3-(4-hydroxyphenyl)-3,4-dihydro-2H-benzo[l,4]-oxazine-4-yl]-2-(6 
decanoic acid (41.4 mg, Yield 76%). 

[0286] <1>H-NMR (270 MHz, CD30D) delta : 7.13(2H, d, J=8.6Hz), 6.78(2H, d, J=8.6Hz), 6.64(1H, c 
J=8.6Hz), 6.37(1H, dd, J=8.6, 2.6Hz), 6.29(1H, d, J=2.6Hz), 4.21-4.35(1H, m), 4.12(1H, dd, J=10.6, 
3.0Hz), 4.05(1H, dd, J=10.6, 6.6Hz), 3.20-3.35(lH, m), 2.82-2.95(lH, m), 2.25-2.38(lH, m), 2.00-2.21 
(2H,m), 1.10-1.70(22H,m) 



Example 12 



Synthesis of 10-[3,17 beta -dihydroxyestra-l,3,5(10)-trien-l 1 beta -yl]-2-(6,6,7,7,7-pentafluoroheptyl) 
decanoic acid 
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(Step 1) 



EMI98.1 



[0288] A solution of 3,17 beta -bis(benzyloxy)estra-l,3,5(10)-trien-ll-one (148.8 mg, 0.318 mmol) in 
anhydrous tetrahydrofuran (2.5 ml) was cooled to -10 DEG G under argon atmosphere. To this solution, 
1.0 M solution of allyl magnesium bromide in anhydrous ether (1.5 ml, 1.5 mmol) was added dropwise, 
and the resulting mixture was stirred for 15 hours at room temperature. The reaction mixture was coolec 
0 DEG C, followed by addition of water and saturated aqueous ammonium chloride. After the reaction 
mixture was extracted with ethyl acetate, the organic layer was washed with saturated aqueous sodium 
chloride, dried over anhydrous magnesium sulfate, and then filtered. After distilling off the solvent, the 
residue was purified by silica gel flash chromatography (eluent: hexane/ethyl acetate = 6/1) to give 3,17 
beta -bis(benzyloxy)-ll alpha -(2-propenyl)estra-l,3,5(10)-trien-ll beta -ol (150.4 mg, Yield 93%). 

[0289] <1>H-NMR (270 MHz, CDC13): delta 7.79 (d, J= 10 Hz, 1H, Cl-H), 7.44-7.29 (m, 10H), 6.82-f 
(m, 2H, C2 and C4-H), 6.00-5.85 (m, 1H, olefin-H), 5.20-5.12 (m, 2H, olefin-H), 5.04 (s, 2H, Ph-CH2), 
4.55 (s, 2H, Ph-CH2), 3.44 (t, J= 8 Hz, 1H, C17-H), 2.88 (dd, J= 14, 8 Hz, 1H, allylic-CH2), 2.78-2.58 ( 
2H), 2.50 (dd, J= 14, 7 Hz, 1H, allylic-CH2), 2.23 (d, J= 1 1 Hz, 1H), 2.1 1 (d, J= 14 Hz, 1H), 2.08-1.95 ( 
1H), 1.90-1.15 (m, 9H), 1.07(s, 3H, C18-H). 



(Step 2) 



EMI100.1 



[0291] Benzylidenebis(tricyclohexylphosphine)-dichlororuthenium (5.9 mg, 0.00717 mmol) was added 
a solution of 3, 17 beta -bis(benzyloxy)-ll alpha -(2-propenyl)estra-l,3,5(10)-trien-ll beta -ol (65.5 mg 
0.129 mmol) and ethyl 2-(6,6,7,7,7-pentafluoroheptyl)-8-nonenoate (101.3 mg, 0.272 mmol) in 
dichloromethane (0.5 ml), followed by heating under reflux for 2.5 hours under argon atmosphere. Aftei 
cooling, ethyl 2-(6,6,7,7,7-pentafluoroheptyl)-8-nonenoate (100 mg, 0.269 mmol) and benzylidenebis 
(tricyclohexylphosphine)-dichlororuthenium (6 mg, 0.00729 mmol) were added to the reaction mixture, 
which was then heated under reflux for 3 hours under argon atmosphere. After cooling, ethyl 2-(6,6,7,7, 
pentafluoroheptyl)-8-nonenoate (100 mg, 0.269 mmol) and benzylidenebis(tricyclohexylphosphine)- 
dichlororuthenium (6 mg, 0.00729 mmol) were further added to the reaction mixture, which was then 
heated under reflux for 6.5 hours under argon atmosphere and allowed to cool. Apart from this, 
benzylidenebis(tricyclohexylphosphine)-dichlororuthenium (6.8 mg, 0.00826 mmol) was added to a 
solution of 3,17 beta -bis(benzyloxy)-ll alpha -(2-propenyl)estra-l,3,5(10)-trien-ll beta -ol (84.5 mg, 
0.166 mmol) and ethyl 2-(6,6,7,7,7-pentafluoroheptyl)-8-nonenoate (124 mg, 0.333 mmol) in 
dichloromethane (0.5 ml), followed by heating under reflux for 2.5 hours under argon atmosphere. Aftei 
cooling, ethyl 2-(6,6,7,7,7-pentafluoroheptyl)-8-nonenoate (124 mg, 0.333 mmol) and benzylidenebis 
(tricyclohexylphosphine)-dichlororuthenium (6.8 mg, 0.00826 mmol) were added to the reaction mixtur 
which was then heated under reflux for 3 hours under argon atmosphere. After cooling, ethyl 2-(6,6,7,7, 
pentafluoroheptyl)-8-nonenoate (124 mg, 0.333 mmol) and benzylidenebis(tricyclohexylphosphine)- 
dichlororuthenium (6.8 mg, 0.00826 mmol) were further added to the reaction mixture, which was then 
heated under reflux for 6.5 hours under argon atmosphere and allowed to cool. The thus prepared two 
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reaction mixtures were combined and concentrated under reduced pressure. The residue was purified by 
silica gel flash chromatography (eluent: hexane/ethyl acetate = 5/1) to give ethyl 10- [3, 17 beta -bis 
(benzyloxy)-ll beta -hydroxyestra-l,3,5(10)-trien-ll alpha -yl]-2-(6,6,7,7,7-pentafluoroheptyl)-8- 
decenoate (186.4 mg, Yield 74%). 

[0292] <1>H-NMR(270 MHz, CDC13) : delta 7.79(d, J= 10Hz, 1H), 7.45-7.25(m,10H), 6.82-6.72(m, 21 
5.62-5.40(m, 2H, olefin-H), 5.04(s, 2H, Ph-CH2), 4.55(s, 2H, Ph-CH2), 4.13(q, J=7Hz, 2H, COO-CH2) 
3.42(t, J= 8Hz, 1H), 2.95-1. 14(m,40H), 1.07(s,3H). 



(Step 3) 



EMI102.1 



[0294] A 30% solution of HBr in acetic acid (2 ml) was added to a solution of ethyl 10-[3,17 beta -bis 
(benzyloxy)-l 1 beta -hydroxyestra-l,3,5(10)-trien-l 1 alpha -yl]-2-(6,6,7,7,7-pentafluoroheptyl)-8- 
decenoate (155.4 mg, 0.182 mmol) in ethanol (8 mL), followed by stirring for 24 hours at 50 DEG C. A 
cooling, the reaction mixture was poured into saturated aqueous sodium bicarbonate and extracted with 
ethyl acetate. The organic layer was washed with saturated aqueous sodium chloride, dried over anhydn 
magnesium sulfate, and then filtered. After concentration under reduced pressure, the resulting residue \ 
purified by silica gel flash chromatography (eluent: hexane/ethyl acetate = 20/1) to give an oil. This oil 
was dissolved in a mixed solvent of ethanol (5 ml) and methanol (5 ml). 10% palladium carbon (78.8 m. 
was added to the resulting solution followed by stirring for 14 hours at room temperature under hydroge 
atmosphere. After purging with nitrogen, 10% palladium carbon (74.0 mg) was added to the reaction 
mixture, followed by stirring for 15 hours at room temperature under hydrogen atmosphere. The reactio: 
mixture was filtered and concentrated, the residue was dissolved in methanol (10 ml). 10% Palladium 
carbon (80 mg) was added again to the reaction mixture, followed by stirring for 2 days at room 
temperature under hydrogen atmosphere. After the reaction mixture was filtered and concentrated, the 
residue was purified by silica gel flash chromatography (eluent: hexane/ethyl acetate =10/1) to give an - 
This oil was further purified using a silica gel plate (developing solvent: hexane/ethyl acetate = 2/1) to g 
ethyl 10-[3,17 beta -dihydroxyestra- 1,3,5(1 0)-trien-ll beta -yl]-2-(6,6,7,7,7-pentafluoroheptyl)decanoat 
(14.6 mg, Yield 12%). 

[0295] <1>H-NMR(270 MHz, CDC13): delta 7.00(d, J= 8.6 Hz, 1H), 6.62(dd, J= 8.6, 2.6 Hz, 1H), 6.55l 
J= 2.6 Hz, 1H), 5.28(bs, 1H, Ar-OH), 4.15(q, J= 7.3 Hz, 2H, COO-CH2), 3.70(t, J= 8.6 Hz, 1H), 2.90-1 
(m, 45H), 0.91(s, 3H). 

[0296] Rf value: 0.45 (silica gel plate, developing solvent: hexane/ethyl acetate = 2/1). 



(Step 4) 



EMI103.1 



[0298] Ethyl 10-[3,17 beta -dihydroxyestra- 1, 3,5 (lO)-trien-l 1 beta -yl]-2-(6,6,7,7,7-pentafluoroheptyl) 
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decanoate (11.1 mg, 0.0168 mmol) was dissolved in a mixed solvent of ethanol (0.5 ml) and 
tetrahydrofiiran (0.5 ml). To this solution, IN aqueous NaOH (0.5 ml) was added and the resulting mixt 
was heated under reflux for 5 hours. After cooling, saturated aqueous ammonium chloride was added to 
reaction mixture, which was then extracted with ethyl acetate. The organic layer was washed with 
saturated aqueous sodium chloride, dried over anhydrous magnesium sulfate, and then filtered. After 
concentration under reduced pressure, the resulting residue was purified using a silica gel plate (develop 
solvent: hexane/ethyl acetate = 1/1) to give 10-[3,17 beta -dihydroxyestra-l,3,5(10)-trien-l 1 beta -yl]-2- 
(6,6,7,7,7-pentafluoroheptyl)decanoic acid (5.3 mg, Yield 50%). 

[0299] <1>H-NMR(270 MHz, CDC13): delta 7.00(d, J= 8.3 Hz, 1H), 6.62(d, J= 8.3 Hz, 1H), 6.54(s, 1H 
3.73(t, J=8.1 Hz, 1H), 2.90-1. 07(m, 42H), 0.92(s, 3H). 

[0300] Mass (ESI): 653(M+Na). 

[0301] Rf value:0.22 (silica gel plate, developing solvent: hexane/ethyl acetate = 1/1). 



Example 13 



Synthesis of 11-(3,17 beta -dihydroxyestra-l,3,5(10)-trien-7 alpha -yl)-2-(4,4,5,5,5-penta-fluoropentyl) 
undecanoic acid 



(Step 1) 



EMI104.1 



[0303] n-Butyllithium (2.5 M in hexane, 40 ml, 100 mmol) was added to potassium tert-butoxide (1M ii 
tetrahydrofiiran, 100 ml, 100 mmol) at -70 DEG C under nitrogen atmosphere, followed by addition of 
diisopropylamine (19.1 g, 100 mmol) at the same temperature. After the mixture was stirred for 10 
minutes, 17 beta -(t-butyldimethylsiloxy)-3-methoxyestra-l,3,5(10)-triene (10 g, 25 mmol) synthesized 
the method described in tetrahedron Lett., 3223 (1988) and dissolved in tetrahydrofiiran (40 ml) was 
added dropwise at -70 DEG C over 10 to 15 minutes, and the resulting mixture was stirred for 4 hours. 
Trimethyl borate (15.6 g, 150 mmol) was added to the reaction mixture, which was then warmed to ice 
cold temperature and stirred for 1 hour and further stirred with 30% hydrogen peroxide (35 ml) for 1 ho 
at room temperature. The reaction mixture was cooled again on ice and 10% aqueous sodium thiosulfate 
(150 ml) was added to stop the reaction. After the reaction mixture was extracted with ether, the organic 
layer was washed with water and saturated aqueous sodium chloride, dried over anhydrous magnesium 
sulfate, and then filtered. After distilling off the solvent, the residue was purified by silica gel flash 
chromatography (eluent: hexane/ethyl acetate = 5/1 3/1) to give 17 beta -(t-butyl-dimethylsiloxy)-3- 
methoxyestra-l,3,5(10)-trien-6-ol (8.38 g, Yield 82%). 

[0304] <1>H-NMR(300 MHz, CDC13): delta 7.18 (d, J=8.5Hz, 1H, Cl-CH), 7.1 1 (d, J=2.7Hz, 1H, C4- 
CH), 6.77 (dd, J-8.5, 2.7Hz, 1H, C2-CH), 4.8 (m, 1H), 3.78 (s, 3H, C3-OCH3), 3.62 (m, 1H), 2.3-2.2 (r 
3H), 2.0-1.8 (m, 2H), 1.7-1.1 (m, 8H), 0.87 (s, 9H), 0.71 (s, 3H, C18-CH3), 0.04 (s, 3H), 0.03 (s, 3H). 
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(Step 2) 



EM106.1 



[0306] 17 beta -(t-Butyldimethylsiloxy)-3-methoxyestra-l, 3,5(1 0)-trien-6-ol (14.4 g, 34.5 mmol) was 
dissolved in dichloromethane (250 ml). Manganese dioxide (29 g) and molecular sieves 4A powder (7.2 
were added to the resulting solution followed by stirring for 1 hour at room temperature. The reaction 
mixture was filtered through cellite and the filtrate was concentrated under reduced pressure. The residu 
was recrystallized from hexane to give 17 beta -(t-butyldimethylsiloxy)-3-methoxyestra-l,3,5(10)-trien- 
one(l 1.36 g, Yield 79%). 

[0307] <1>H-NMR(300 MHz, CDC13): delta 7.55 (d, J=3.0Hz, 1H, C4-CH), 7.34 (d, J=8.5Hz, 1H, Cl- 
CH), 7.10 (dd, J =8.5, 3.0Hz, 1H, C2-CH), 3.84 (s, 3H, C3-OCH3), 3.66 (m, 1H), 2.74 (dd, J=16.8, 3.31 
1H), 2.5-2.3 (m, 2H), 2.19 (dd, J= 16.8, 13.2Hz, 1H), 2.0-1.8 (m, 3H), 1.7-1.2 (m, 5H), 0.89 (s, 9H), 0.7 
(s, 3H, C18-CH3), 0.04 (s, 3H), 0.03 (s, 3H). 

[0308] mp. 159-160 DEGC 



(Step 3) 



EMI106.2 



[0310] A solution of 17 beta -(t-butyldimethylsiloxy)-3-methoxyestra- 1,3,5 (10)-trien-6-one (2.12 g, 5 
mmol) in anhydrous 1,2-dimethoxyethane (30 ml) was cooled to -70 DEG C under nitrogen atmosphere 
and potassium hexamethyl-disilazide in solid form (1.1 g, 5.5 mmol) was added to the resulting solution 
followed by stirring for 1 hour while keeping the temperature at -70 DEG C. Distilled allyl iodide (1.68 
10 mmol) was then added at -70 DEG C using a syringe and the reaction mixture was warmed to 0 DEG 
over 1 hour. An hour later, water was added at 0 DEG C to the reaction mixture, which was then extract 
with ether. The organic layer was washed with water and saturated aqueous sodium chloride, dried over 
anhydrous magnesium sulfate, and then filtered. After distilling off the solvent, the residue was purified 
silica gel flash chromatography (eluent: hexane/ethyl acetate = 20/1 15/1) to give 17 beta -(t- 
butyldimethylsiloxy)-3-methoxy-7 alpha beta -(2-propenyl)estra-l,3,5(10)-trien-6-one (2.0 g, Yield 88°/ 
(7 alpha 11 beta ratio: about 1/6) 

[031 1] The above mixture was dissolved in sodium methoxide solution (0.1 M) and heated under reflux 
2 hours to give a mixture having a 7 alpha II beta ratio of about 7/1. 

[0312] <1>H-NMR(300 MHz, CDC13, spectrum of 7a-substituted compound): delta 7.53 (d, 1H, J=2.8I 
C4-CH), 7.32 (d, 1H, J=8.5Hz, Cl-CH), 7.09 (dd, J=8.5, 2.8Hz, 1H, C2-CH), 5.87-5.72 (m, 1H), 5.02-4 
(m, 2H), 3.84 (s, 3H, C3-OCH3), 3.68 (m, 1H), 2.77-2.64 (m, 1H), 2.6-2.54 (m, 1H), 2.4-2.3 (m, 2H), 
2.22-2.06 (m, 2H), 2.0-1.85 (m, 2H), 1.65-1.2 (m, 6H), 0.9 (s, 9H), 0.75 (s, 3H, C18-CH3), 0.05 (s, 3H). 
0.03 (s,3H). 
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(Step 4) 



EMI108.1 



[0314] 17 beta -(t-Butyldimethylsiloxy)-3-methoxy-7 alpha beta -(2-propenyl)estra-l,3,5(10)-trien-6-on 
(5.78 g, 12.7 mmol) was dissolved in tetrahydrofuran (30 ml). To this solution, tetra-n-butylammonium 
fluoride (1M in tetrahydrofuran, 60 ml) was added, and the resulting mixture was heated under reflux fo 
hours under nitrogen atmosphere. After cooling, water was added to the reaction mixture, which was th( 
extracted with ether. The organic layer was washed with saturated aqueous sodium chloride, dried over 
anhydrous sodium sulfate, and then filtered. The filtrate was concentrated under reduced pressure to giv 
17 beta -hydroxy-3-methoxy-7 alpha beta -(2-propenyl)estra-l, 3,5(1 0)-trien-6-one as a diastereomer 
mixture, which was then recrystallized from diisopropyl ether (70 ml) to give 17 beta -hydroxy-3- 
methoxy-7 alpha -(2-propenyl)estra-l,3,5(10)-trien-6-one (2.61 g, Yield 60%) as a single isomer. 

[0315] <1>H-NMR(270 MHz, CDC13): delta 7.53(d, J=3.0Hz. 1H, C4-CH), 7.32(d, J=8.5Hz, 1H, Cl-C 
7.09(dd, J=8.5, 3.0Hz, 1H, C2-CH), 5.84-5.74(m, 1H), 5.01-4.92(m, 2H, olefin-H), 3.84(s, 3H, C3-OCE 
3.84-3.75(m, 1H, C17-CH), 2.80-2.68(m, 1H, C9-CH), 2.63-2.52(m, 1H, C7-CH), 2.51-2.38(m, 2H, alb 
CH2 and C11-CH2), 2.24-2.05(m, 3H, allyl-CH2 and C8-CH and C16-CH2), 2.02-1.91(m, 1H, Cll-Cfc 
1.71-1.33(m, 7H), 0.79(s, 3H, C18-CH3). 

[0316] mp 122-123 DEGC 



(Step 5) 



EMI109.1 



[0318] Triethylsilane (5 ml) and boron trifluoride diethyl etherate (5 ml) were added to a solution of 17 
beta -hydroxy-3-methoxy-7 alpha -(2-propenyl)estra-l,3,5(10)-trien-6-one (1.0 g, 2.9 mmol) in 
dichloromethane (20 mL) at 0 DEG C. The resulting mixture was warmed to room temperature and stirr 
for 18 hours. After the reaction was completed, 10% aqueous potassium carbonate was added to the 
reaction mixture, which was then extracted with ethyl acetate. The organic layer was washed with 
saturated aqueous sodium chloride, dried over anhydrous sodium sulfate, and then filtered. After 
concentration under reduced pressure, the resulting residue was purified by silica gel column 
chromatography (eluent: hexane/ethyl acetate = 2/1) to give 3-methoxy-7 alpha -(2-propenyl)estra-l,3,5 
(10)-trien-17 beta -ol (935 mg, Yield 98%). 

[0319] <1>H-NMR(270 MHz, CDC13): delta 7.20(d, J=8.6Hz, C1-1H), 6.71(dd, J=8.6, 2.4Hz, C2-1H), 
6.60(d, J=2.4Hz, C4-1H), 5.86-5.72(m, 1H), 5.00-4.90(m, 2H, olefin-H), 3.77(s, 3H, C3-OCH3), 3.77-3 
(m, 1H, C17-CH), 2.80-2.68(m, 1H, C9-CH), 2.63-2.52(m, 1H, C7-CH), 2.51-2.38(m, 2H, allyl-CH2 an 
C11-CH2), 2.24-2.05(m, 3H, allyl-CH2 and C8-CH and C16-CH2), 2.02-1.91(m, 1H, C11-CH2), 1.71- 
1.33(m, 7H), 0.79(s, 3H, C18-CH3). 
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(Step 6) 



EMU 10.1 



[0321] Ben2ylidenebis(tricyclohexyl-phosphine)-dichlororuthenium (98 mg, 0.1 1 mmol) was added to a 
solution of 3-methoxy-7 alpha -(2-propenyl)estra-l,3,5(10)-trien-17 beta -ol (723 mg, 2.21 mmol) and 
ethyl 2-(4,4,5,5,5-pentafluoropentyl)-9-decenoate (1.59 g, 4.43 mmol) in dichloromethane (20 ml), 
followed by heating under reflux for 20 hours under argon atmosphere. After cooling, the reaction mixti 
was concentrated under reduced pressure and the resulting residue was purified by silica gel flash 
chromatography (eluent: hexane/ethyl acetate = 4/1) to give ethyl 1 1-[17 beta -hydroxy-3-methoxyestra 
l,3,5(10)-trien-7 alpha -yl]-2-(4,4,5,5,5-penta-fluoropentyl)-9-undecenoate (973 mg, Yield 67%). 

[0322] <1>H-NMR(270 MHz, CDC13): delta 7.20(d, J=8.6Hz, 1H, Cl-CH), 6.76-6.69(m, 1H, C2-CH), 
6.63-6.58(m, 1H, C4-CH), 5.42-5.27(m, 2H, olefin-H), 4.15(q, J=7.1Hz, 2H, COO-CH2), 3.78-3.70(m, 
4H, C17-CH and C3-OCH3), 2.90-2.63(m, 2H), 2.41-2.22(m, 3H), 2.20-1. 16(m, 34H), 0.78(s,3H, C18- 
CH3). 



(Step 7) 



EMI111.1 



[0324] Ethyl 11-[17 beta -hydroxy-3-methoxyestra-l,3,5(10)-trien-7 alpha -yl]-2-(4,4,5,5,5- 
pentafluoropentyl)-9-undecenoate (970 mg, 1.48 mmol) was dissolved in ethyl acetate (30 ml), and 10°/ 
palladium carbon (300 mg) was added to the resulting solution followed by stirring for 4 hours at room 
temperature under hydrogen atmosphere. The reaction mixture was filtered and concentrated to give eth 
1 1-[17 beta -hydroxy-3-methoxyestra-l,3,5(10)-trien-7 alpha -yl]-2-(4,4,5,5,5-penta-fluoropentyl) 
undecanoate (946 mg, Yield 97%) as an oil. 

[0325] <1>H-NMR(270 MHz, CDC13): delta 7.20(d, J=8.6Hz, 1H, Cl-CH), 6.76-6.69(m,lH, C2-CH), 
6.63-6.58(m, 1H, C4-CH), 4.14(q, J=7.1Hz, 2H, COO-CH2), 3.77(s, 3H, C3-OCH3), 3.74(t, J=8.4Hz, 1 
C17-CH), 2.94-2.70(m, 2H), 2.40-2.24(m, 3H), 2.20-1.84(m, 4H), 1.80-0.96(m, 34H), 0.78(s,3H, CI 8- 
CH3). 



(Step 8) 



EMU 11.2 



[0327] Ethyl 1 1-[17 beta -hydroxy-3-methoxyestra-l,3,5(10)-trien-7 alpha -yl]-2-(4,4,5,5,5- 
pentafluoropentyl)undecanoate (946 mg, 1.43 mmol) was dissolved in dichloromethane (18 ml). To this 
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solution, a 1M solution of borane tribromide in dichloromethane (4.3 ml, 4.3 mmol) was added dropwis 
-78 DEG C. The reaction mixture was warmed slowly and stirred for 3 hours at 0 DEG C. Water was 
added to stop the reaction and the reaction mixture was extracted with ethyl acetate. The organic layer v 
washed with saturated aqueous sodium chloride, dried over anhydrous sodium sulfate, and then filtered. 
After concentration under reduced pressure, the resulting residue was purified by silica gel column 
chromatography (eluent: hexane/ethyl acetate = 2/1) to give ethyl 1 1-[3,17 beta -dihydroxyestra-1, 3,5(1' 
trien-7 alpha -yl]-2-(4,4,5,5,5-pentafluoropentyl)undecanoate (663 mg, Yield 72%). 

[0328] <1>H-NMR(270 MHz, CDC13): delta 7.14(d. J=8.4Hz, 1H, Cl-CH), 6.66-6.59 (m,lH, C2-CH), 
6.57-6.53(m, 1H, C4-CH), 5.10(brs, 1H, C3-OH), 4.15(q, J=7.1Hz, 2H, COO-CH2), 3.75(t, J=8.4Hz, II 
C17-CH), 2.94-2.68(m, 2H), 2.40-2.22(m, 3H), 2.20-1.84(m, 4H), 1.80-0.96(m, 34H), 0.78(s, 3H, C18- 
CH3). 



(Step 9) 



EMI112.1 



[0330] Ethyl 11-[3,17 beta -dihydroxyestra-1, 3,5(1 0)-trien-7 alpha -yl]-2-(4,4,5,5,5-pentafluoropentyl) 
undecanoate (660 mg, 1.03 mmol) was dissolved in a mixed solvent of ethanol (10 ml) and water (2.0 rr 
To this solution, NaOH (820 mg, 20.5 mmol) was added, and the resulting mixture was heated for 4 hot 
at 60 DEG C. After cooling, 2N aqueous hydrochloric acid was added to the reaction mixture, which ws 
then extracted with ethyl acetate. The organic layer was washed with saturated aqueous sodium chloride 
dried over anhydrous sodium sulfate, and then filtered. After concentration under reduced pressure, the 
resulting residue was purified by silica gel column chromatography (eluent: hexane/ethyl acetate = 1/1) 
give 11-[3,17 beta -dihydroxyestra-l,3,5(10)-trien-7 alpha -yl]-2-(4,4,5,5,5-pentafluoropentyl)undecano 
acid (613 mg, Yield 97%). 

[0331] <1>H-NMR(270 MHz, CD30D): delta 7.07(d, J=8.4Hz, 1H, Cl-CH), 6.54 (dd,J=8.4, 2.3Hz, IB 
C2-CH), 6.45(d, J=2.3Hz, 1H, C4-CH), 3.67(t, J=8.3Hz, 1H, C17-CH), 2.85-2.62(m, 2H), 2.39-1. 84(m, 
7H), 1.80-0.96(m, 33H), 0.78(s, 3H, C18-CH3). 



Example 14 



Synthesis of 10-[3,17 beta -dihydroxyestra-1, 3,5(10)-trien-7 alpha -yl]-2-(4,4,5,5,5-pentafluoropentyl) 
decanoic acid 



EMU 13.1 



[0333] Starting with the 3-methoxy-7 alpha -(2-propenyl)estra-l,3,5(10)-trien-17 beta -ol prepared in 
Example 13 and ethyl 2-(4,4,5,5,5-pentafluoropentyl)-8-nonenoate prepared separately, the same 
procedure as shown in Example 13 was repeated to give 10-[3,17 beta -dihydroxyestra-l,3,5(10)-trien-7 
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alpha -yl]-2-(4,4,5,5,5-pentafluoropentyl)decanoic acid. 

[0334] <1>H-NMR(300 MHz, CDC13): (7.16(d, J=8.4Hz, 1H, Cl-CH), 6.63(dd, J=8.4Hz, J=2.7Hz, 1H. 
C2-CH), 6.55(s, 1H, C4-CH), 3.75(t, J=8.5Hz, 1H, C17-CH), 3.60-3. 35(brs, 1H, C3-OH), 2.82-2.73(m, 
2H), 2.45-2.23(m, 4H), 2.20-0.96(m, 31H), 0.78(s, 3H, C18-CH3). 



Example 15 



Synthesis of 10-[3,17 beta -dihydroxyestra-1, 3,5(1 0)-trien-7 alpha -yl]-2-(4,4,5,5,6,6,7,7,7- 
nonafluoroheptyl)decanoic acid 



EMI114.1 



[0336] Starting with the 3-methoxy-7 alpha -(2-propenyl)estra-l,3,5(10)-trien-17 beta -ol prepared in 
Example 13 and ethyl 2-(4,4,5,5,6,6,7,7,7-nonafluoroheptyl)-8-nonenoate prepared separately, the same 
procedure as shown in Example 13 was repeated to give 10-[3,17 beta -dihydroxyestra-l,3,5(10)-trien-7 
yl]-2-(4,4,5,5,6,6,7,7,7-nonafluoroheptyl)decanoic acid. 

[0337] <1>H-NMR (300 MHz; CDC13): (7.12(d, J=8.4Hz, 1H), 6.68(dd, J=8.5, 2.4Hz, 1H), 6.53(d, 
J=2.6Hz, 1H), 3.68(t, J=8.5Hz, 1H), 2.95-2.60(m, 2H), 2.47-2.19(m, 4H), 2.18-1.03(m, 31H), 0.69(s, 31 



Example 16 



Synthesis of 10-[3,17 beta -dihydroxyestra-1, 3, 5(10)-trien-7 alpha -yl]-2-(3,3,4,4,5,5,6,6,6- 
nonafluorohexyl)decanoic acid 



EMU 15.1 



[0339] Starting with the 3-methoxy-7 alpha -(2-propenyl)estra-l,3,5(10)-trien-17 beta -ol prepared in 
Example 13 and ethyl 2-(3,3,4,4,5,5,6,6,6-nonafluorohexyl)-8-nonenoate prepared separately, the same 
procedure as shown in Example 13 was repeated to give 10-[3,17 beta -dihydroxyestra-l,3,5(10)-trien-7 
alpha -yl]-2-(3,3,4,4,5,5,6,6,6-nonafluorohexyl)decanoic acid. 

[0340] <1>H-NMR (300 MHz; CDC13): (7.14(d, J=8.5Hz, 1H), 6.62(dd, J=8.2, 2.1Hz, 1H), 6.54(d, 
J=2.6Hz, 1H), 3.77(t, J=8.1Hz, 1H), 2.84-2.56(m, 2H), 2.44(m, 1H), 2.31(m, 2H), 2.18-1.02(m, 30H), 0 
(s,3H). 



Example 17 



file://C:\My%20Documents\EPOV3\WO0142186.html 



3/7/06 



WO0142186 Page 56 of 77 



Synthesis of 10-[3,17 beta -dihydroxyestra-1, 3,5(1 0)-trien-7 alpha -yl]-2-(6,6,7,7,7-pentafluoroheptyl) 
decanoic acid 



EMI 115.2 



[0342] Starting with the 3-methoxy-7 alpha -(2-propenyl)estra-l,3,5(10)-trien-17 beta -ol prepared in 
Example 13 and ethyl 2-(6,6,7,7,7-pentafluoroheptyl)-8-nonenoate prepared separately, the same 
procedure as shown in Example 13 was repeated to give 10-[3,17 beta -dihydroxyestra-l,3,5(10)-trien-7 
alpha -yl]-2-(6,6,7,7,7-pentafluoroheptyl)decanoic acid. 

[0343] <1>H-NMR (300 MHz; CDC13): (7.05(d, J=8.4Hz, 1H), 6.65(dd, J=8.6, 2.6Hz, 1H), 6.52(d, 
J=2.5Hz, 1H), 3.75(t, J=8.4Hz, 1H), 2.92-2.62(m, 2H), 2.33-2.12(m, 4H), 2.09-1. 03(m, 35H), 0.75(s, 31 

Example 18 



Synthesis of 1 1-[3,17 beta -dihydroxyestra-1, 3,5(1 0)-trien-7 alpha -yl]-2-(4,4,5,5,6,6,7,7,7- 
nonafluoroheptyl)undecanoic acid 



EMU 16.1 



[0345] Starting with the 3-methoxy-7a-(2-propenyl)estra-l,3,5(10)-trien-17 beta -ol prepared in Exampl 
13 and ethyl 2-(4,4,5,5,6,6,7,7,7-nonafluoroheptyl)-9-decenoate prepared separately, the same procedun 
shown in Example 13 was repeated to give 1 1-[3,17 beta -dihydroxyestra-1, 3, 5(10)-trien-7 alpha -yl]-2- 
(4,4,5,5,6,6,7,7,7-nonafluoroheptyl)undecanoic acid. 

[0346] <1>H-NMR(270 MHz, CDC13): delta 7.13(d, J=8.4Hz, 1H, Cl-CH). 6.62 (dd, J=8.4, 2.3Hz, 1H. 
C2-CH), 6.53(d, J=2.3Hz, 1H, C4-CH), 3.75(t, J=8.1 and 8.4Hz, 1H, C17-CH), 2.85 (dd, J-4.8 and 16.7 
1H), 2.70(m, 1H), 2.39-1.88(m, 7H), 1.80-0.96(m, 33H), 0.78(s,3H, C18-CH3) 

Example 19 



Synthesis of 1 1-[3,17 beta -dihydroxyestra-1, 3, 5(10)-trien-7 alpha -yl]-2-(3,3,4,4,5,5,6,6,6- 
nonafluorohexyl)undecanoic acid 
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EMI117.1 



[0348] Starting with the 3-methoxy-7 alpha -(2-propenyl)estra-l,3,5(10)-trien-17 beta -ol prepared in 
Example 13 and ethyl 2-(3,3,4,4,5,5,6,6,6-nonafluorohexyl)-9-decenoate prepared separately, the same 
procedure as shown in Example 13 was repeated to give 1 1-[3,17 beta -dihydroxyestra-1, 3,5(1 0)-trien-7 
alpha -yl]-2-(3,3,4,4,5,5,6,6,6-nonafluorohexyl)undecanoic acid. 

[0349] <1>H-NMR(270 MHz, CD30D): delta 7.07(d, J=8.4Hz, 1H, Cl-CH), 6.53 (dd, J=8.4, 2.2Hz, II 
C2-CH), 6.45(d, J=2.2Hz, 1H, C4-CH), 3.67(t, J=8.1Hz, 1H, C17-CH), 2.87-2.62(m, 2H), 2.43-0.95(m, 
35H), 0.78(s,3H, C18-CH3). 



Example 20 



Synthesis of 1 1-(3,17 beta -dihydroxyestra-l,3,5(10)-trien-l 1 beta -yl)-2-(3,3,4,4,5,5,6,6,6- 
nonafluorohexyl)undecanoic acid 



(Step 1) 



EMU 17.2 



[0351] Dimethylformamide (11 ml) was added to beta -estradiol (1.08 g, 4.0 mmol) under nitrogen 
atmosphere, followed by cooling on ice. Sodium hydride (480 mg of 60% suspension) was added to the 
reaction mixture followed by stirring for 10 minutes on ice and then stirred for 1 hour at room temperati 
After cooling again on ice, Benzyl bromide (2.05 g, 12 mmol) was added to the reaction mixture follow' 
by stirring for 10 minutes on ice and then stirred for 20 hours at room temperature. The reaction mixture 
was quenched with ice-cold water and extracted with ethyl acetate. The organic layer was washed with 
water and saturated aqueous sodium chloride, dried over anhydrous magnesium sulfate, and then filtere< 
The filtrate was concentrated under reduced pressure using an evaporator and the resulting residue was 
triturated with methanol to precipitate solids. The solids were collected by filtration and vacuum dried t< 
give 3,17 beta -bis(benzyloxy)estra-l, 3,5(1 0)-triene (1.72 g, Yield 95%). 

[0352] <1>H-NMR(300 MHz, CDC13): delta 7.45- 7.20(m, 1 1H), 6.79(dd, J= 9.0 and 3.0Hz, 1H, C3-C1 
6.72(d, J=2.7Hz, 1H, C4-CH), 5.04(s, 2H), 4.56(s, 2H), 3.51(t, J= 8.1, 1H), 2.88-2.83(m, 2H), 2.36-1.15 
(m, 13H), 0.88(s, 3H, C18-CH3). 



(Step 2) 



EMU 18.1 
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[0354] Dichloromethane (0.2 ml) and methanol (0.1 ml) were added to 3,17 beta -bis(benzyloxy)estra- 
1 ,3,5(1 0)-triene (45.2 mg, 0.1 mmol) under nitrogen atmosphere, followed by cooling to -78 DEG C. 2,: 
dichloro-5,6-dicyanobenzoquinone (22.7 mg, 0.1 mmol) was added to the reaction mixture followed by 
stirring for 10 minutes at -78 DEG C and then stirred for 3 hours at room temperature. The reaction 
mixture was quenched with saturated aqueous sodium bicarbonate and extracted with ethyl acetate. The 
organic layer was washed with water and saturated aqueous sodium chloride, dried over anhydrous 
magnesium sulfate, and then filtered. The filtrate was concentrated under reduced pressure using an 
evaporator and the resulting residue was purified by silica gel column chromatography (Merck Kieselge 
60, eluent: hexane/ethyl acetate = 10/1 8/1) to give the desired compound 3,17 beta -bis(benzyloxy)estn 
1 ,3,5(10),9(1 l)-tetraene (35.7 mg, Yield 80%). 

[0355] <1>H-NMR(300 MHz, CDC13): delta 7.54(d, J= 9.0Hz, 1H, Cl-CH), 7.27- 7.45(m, 10H), 6.80(( 
J= 8.7 and 2.7Hz, 1H, C3-CH), 6.69(d, J=2.4Hz, 1H, C4-CH), 6.12(m, 1H), 5.05(s, 2H), 4.56(s, 2H), 4.: 
(m, 1H), 3.60(t, J=8.7Hz, 1H), 2.97-2.70(m, 2H), 2.43- 1.09(m, 9H), 0.87(s, 3H, C18-CH3). 



(Step 3) 



EMU 19.1 



[0357] Catecholborane (1.0 M in tetrahydrofuran, 66.33 ml) was added to 3,17 beta -bis(benzyloxy)estr; 
l,3,5(10),9(ll)-tetraene (27.17 g, 60.30 mmol) at room temperature under nitrogen atmosphere. Lithiun 
borohydride (1.31 g, 60.30 mmol) was further added to the reaction mixture at room temperature, follov 
by stirring for 10 hours. Under ice-cooling, this mixture was added to a mixture of sodium hydroxide 
(24.12 g, 603.0 mmol), water (70 ml), ethanol (150 ml) and 30% hydrogen peroxide (150 ml), followed 
stirring for 1 hour and 45 minutes on ice and then stirred for 3 hours at room temperature. Ether and wa1 
were added to the reaction mixture, which was then extracted with ether. The organic layer was washed 
sequentially with 10% aqueous sodium hydroxide, water and saturated aqueous sodium chloride, dried 
over anhydrous magnesium sulfate, and then filtered. The filtrate was concentrated under reduced pressi 
using an evaporator. The residue was purified by silica gel column chromatography (Merck Kieselgel 6< 
eluent: hexane/ethyl acetate = 6/1 5.5/1) to give the desired compound 3,17 beta -bis(benzyloxy)estra-l, 
(lO)-trien-l 1 alpha -ol (21.56 g, Yield 76%). 

[0358] <1>H-NMR(300 MHz, CDC13): delta 7.87(d, J=8.4Hz, 1H, Cl-CH), 7.27- 7.45(m, 10H), 6.81(d 
J- 8.7 and 2.7Hz, 1H, C3-CH), 6.74(d, J= 2.7Hz, 1H, C4-CH), 5.05(s, 2H), 4.58(s, 2H), 4.22(m, 1H), 3. 
(t, J= 8.1, 1H), 2.82(m, 2H), 2.43(dd, J= 12.2 and 5.4Hz, 1H), 2.18-2.02(m, 2H), 1.91-1.84(m, 1H), \JA 
1.59(m, 2H), 1.49-1.27(m, 5H), 0.86(s, 3H, C18-CH3). 



(Step 4) 



EMI120.1 



[0360] Dichloromethane (92.25 ml) was added to oxalyl dichloride (3.54 ml, 40.59 mmol) under nitrogc 
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atmosphere and the resulting mixture was cooled to -78 DEG C. To this mixture, a solution of dimethyl 
sulfoxide (5.76 ml, 81.18 mmol) diluted in dichloromethane (18.45 ml) was added dropwise. After the 
mixture was stirred for 2 minutes at -78 DEG C, a solution of 3,17 beta -bis(benzyloxy)estra- 1,3,5 (10)- 
trien-1 1 alpha -ol (17.29 g, 36.90 mmol) in dichloromethane (36.90 ml) was added dropwise, followed 1 
stirring for 15 minutes at -78 DEG C. Triethylamine (25.7 ml, 184.5 mmol) was added dropwise to the 
reaction mixture, which was then stirred for 5 minutes at -78 DEG C and warmed to room temperature. 
The reaction mixture was cooled again on ice, quenched by addition of ice and water, and then extractec 
with dichloromethane. The organic layer was washed with water and saturated aqueous sodium chloride 
dried over anhydrous magnesium sulfate, and then filtered. The filtrate was concentrated under reduced 
pressure using an evaporator to give crude 3,17 beta -bis(benzyloxy)estra-l,3,5(10)-trien-l 1-one (crude 
18.76 g, quant from crude <1>H-NMR). 

[0361] <1>H-NMR(300 MHz, CDC13): delta 7.41- 7.20(m, 1 1H), 6.82(dd, J= 8.4 and 2.7Hz, 1H, C3-C1 
6.70(d, J= 2.7Hz, 1H, C4-CH), 5.03(s, 2H), 4.54(s, 2H), 3.72(t, J= 8.1Hz, 1H), 3.46(d, J= 10.2Hz, 1H), 
2.84- 2.66(m, 3H), 2.47(d, J=11.4Hz, 1H), 2.23- 2.13(m, 1H), 1.96- 1.48(m, 8H), 0.86(s,3H, C18-CH3). 



(Step 5) 



EMI122.1 



[0363] Tetrahydrofuran (280 ml) was added to the crude 3,17 beta -bis(benzyloxy)estra- 1,3,5(1 0)-trien- 
one (35.7g, 76.5 mmol) under nitrogen atmosphere, and the resulting mixture was cooled to -40 DEG C 
Allylmagnesium chloride (2.0 M in tetrahydrofuran, 50.0 ml, 100 mmol) was added dropwise to the 
mixture, which was then stirred for 10 minutes at -40 DEG C and for 1 hour at room temperature. The 
reaction mixture was cooled again on ice and quenched by addition of ice, water and saturated aqueous 
ammonium chloride. After the reaction mixture was extracted with ethyl acetate, the organic layer was 
washed with water and saturated aqueous sodium chloride, dried over anhydrous magnesium sulfate, an 
then filtered. The filtrate was concentrated under reduced pressure using an evaporator and hexane was 
added to the resulting residue to precipitate solids. The solids were collected by filtration and vacuum di 
to give 3,17 beta -bis(benzyloxy)-ll alpha -(2-propenyl)estra- 1, 3,5(1 0)-trien-ll beta -ol (35.81 g, Yield 
90% from 3,17 beta -bis(benzyloxy)estra-l,3,5(10)-trien-l 1 alpha -ol). 

[0364] <1>H-NMR (300 MHz, CDC13): d 7.82 (d, J= 9.6Hz, 1H, Cl-H), 7.44-7.33 (m, 10H), 6.83-6.79 
(m, 2H, C2 and C4-H), 6.01-5.87 (m, 1H, olefin-H), 5.21-5.13 (m, 2H, olefin-H), 5.06 (s, 2H), 4.57 (s, 
2H), 3.46 (t, J= 8.7Hz, 1H, C17-H), 2.90 (dd, J= 14.0 and 8.4Hz, 1H, allylic-CH2), 2.74-2.63 (m, 2H), 2 
(dd, J= 14.1 and 7.0 Hz, 1H, allylic-CH2), 2.25 (d, J= 10.8 Hz, 1H), 2.13 (d, J= 14.1Hz, 1H), 2.06-1.98 
1H), 1.88-1.14 (m, 9H), 1.09(s, 3H, C18-H). 



(Step 6) 



EMI123.1 



[0366] After a solution of 3,17 beta -bis(benzyloxy)-! 1 alpha -(2-propenyl)estra-l,3,5(10)-trien-l 1 beta 
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(17.20 g, 33.80 mmol) in pyridine (135 ml) was cooled to -40 DEG C under nitrogen atmosphere, thion; 
chloride (3.7 ml, 50.7 mmol) was added dropwise to the solution, which was then stirred for 10 minutes 
-40 DEG C and for 1 hour on ice. The reaction mixture was quenched by addition of ice and water and 
then extracted with a mixed solvent of hexane and t-butyl methyl ether (hexane/t-butyl methyl ether = 4 
The organic layer was washed with water and saturated aqueous sodium chloride, dried over anhydrous 
magnesium sulfate, and then filtered. The filtrate was concentrated under reduced pressure using an 
evaporator and the resulting residue was triturated with methanol to precipitate solids. The solids were 
collected by filtration and vacuum dried to give 3,17 beta -bis(benzyloxy)-l l-(2-propenyl)estra- 1,3,5(1 ( 
(1 l)-tetraene (14.92 g, Yield 90%). 

[0367] <1>H-NMR (300 MHz, CDC13): d 7.46- 7.25 (m, 1 1H), 6.78-6.75 (m, 2H, C2 and C4-H), 6.01- 
5.89 (m, 1H, olefin-H), 5.18-5.09 (m, 2H, olefin-H), 5.06 (s, 2H), 4.58 (s, 2H), 3.58 (t, J= 8.4Hz, 1H, C: 
H), 3.30 (dd, J= 15.8 and 5.1Hz, 1H, allylic-CH2), 2.81-2.72 (m, 3H), 2.48 (d, J= 17.4Hz, 1H, allylic- 
CH2), 2.16-1.36 (m, 9H), 0.90 (s, 3H, C18-H). 



(Step 7) 



EMI124.1 



[0369] Benzylidenebis(tricyclohexylphosphine)-dichlororuthenium (90 mg, 0.1 mmol) was added to a 
solution of 3,17 beta -bis(benzyloxy)-l l-(2-propenyl)estra-l,3,5(10),9(l l)-tetraene (1.0 g, 2.0 mmol) ar 
ethyl 2-(3,3,4,4,5,5,6,6,6-nonafluorohexyl)-9-decenoate (1.81 g, 4.1 mmol) in dichloromethane (20 ml), 
followed by heating under reflux for 5 hours under nitrogen atmosphere. After cooling, the reaction 
mixture was concentrated under reduced pressure and the resulting residue was purified by silica gel fla 
chromatography (eluent: hexane/ethyl acetate = 4/1) to give ethyl 1 1-[3,17 beta -bis(benzyloxy)estra-l,2 
(10),9(1 l)-tetraen-l l-yl]-2-(3,3,4,4,5,5,6,6,6-nonafluorohexyl)-9-undecenoate (863 mg, Yield 48%). 

[0370] <1>H-NMR(270 MHz, CDC13): delta 7.46-7.21(m, 11H), 6.78-6.73(m, 2H), 5.50-5.42(m, 2H), 
5.05(s, 2H), 4.57(d, J=2.5Hz, 2H), 4.15(q, J=7.1Hz, 2H, COO-CH2), 3.60-3.52(m, 1H, C17-CH), 3.20- 
3.11(m, 1H), 2.82-2.68(m, 3H), 2.51-2.22(m. 2H), 2.20-1. 16(m, 28H), 0.87(s,3H, C18-CH3). 



(Step 8) 



EMI125.1 



[0372] Ethyl 1 1-[3,17 beta -bis(benzyloxy)estra-l,3,5(10),9(l l)-tetraen-l l-yl]-2-(3,3,4,4 % 5,5,6,6,6- 
nonafluorohexyl)-9-undecenoate (500 mg, 0.55 mmol) was dissolved in a mixed solvent of methanol (1' 
ml) and tetrahydrofuran (1 ml), followed by addition of palladium hydroxide/carbon (150 mg) at room 
temperature. After purging with hydrogen, the reaction mixture was stirred for 23 hours at room 
temperature and then filtered. The solvent was concentrated under reduced pressure and the resulting 
residue was purified by silica gel column chromatography (hexane/ethyl acetate =4/1 3/1 2/1) to give etl 
1 1-(3,17 beta -dihydroxyestra-l,3,5(10)-trien-l 1 beta -yl)-2-(3,3,4,4,5,5,6,6,6-nonafiuorohexyl) 
undecanoate (287 mg, Yield 7 1 %). 
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[0373] <1>H-NMR(270 MHz, CDC13): delta 7.00(d, J=8.6Hz, 1H, Cl-CH), 6.62(d, J=8.5Hz, 1H, C2-C 
6.54(d, J=2.3Hz, 1H, C4-CH), 5.03(brs, 1H, C3-OH), 4.17(q, J=7.1Hz, 2H, COO-CH2), 3.70(t, J=7.9H; 
1H, C17-CH), 2.83-2.60(m, 2H), 2.58-2.30(m, 3H), 2.24-1.74(m, 7H), 1.74-1.1 l(m, 29H), 0.92(s, 3H, 
C18-CH3). 



(Step 9) 



EMI126.1 



[0375] Ethyl ll-(3,17beta -dmydroxyestra-l,3,5(10)-trien-ll beta -yl)-2-(3,3 ,4,4,5,5,6,6,6- 
nonafluorohexyl)undecanoate (747 mg, 1.02 mmol) was dissolved in a mixed solvent of ethanol (5 ml) s 
water (5 ml). To this solution, NaOH (82 mg, 2.04 mmol) was added, and the resulting mixture was hea 
for 15 hours at 60 DEG C. After cooling, 2N aqueous hydrochloric acid was added to the reaction mixti 
which was then extracted with ethyl acetate. The organic layer was washed with saturated aqueous sodii 
chloride, dried over anhydrous sodium sulfate, and then filtered. After concentration under reduced 
pressure, the resulting residue was purified by silica gel column chromatography (hexane/ethyl acetate = 
4/1 3/1 2/1) to give 11-(3,17 beta -dihydroxyestra-l,3,5(10)-trien-ll beta -yl)-2-(3 ,3,4,4,5 ,5,6,6,6- 
nonafluorohexyl)undecanoic acid (600 mg, Yield 84%). 

[0376] <1>H-NMR(270 MHz, CD30D): delta 6.95(d, J=8.3Hz, 1H, Cl-CH), 6.55(dd, J=8.3, 2.3Hz, 1H 
C2-CH), 6.47(d, J=2.3Hz, 1H, C4-CH), 3.63(t, J=8.6Hz, 1H, C17-CH), 2.85-2.58(m, 2H), 2.55-2.34(m, 
3H), 2.30-1.93(m, 2H), 1.91-1.75(m, 3H), 1.75-1. 10(m, 26H), 0.92(s, 3H, C18-CH3). 



Example 21 



Synthesis of 10-(3,17 beta -dihydroxyestra-l,3,5(10)-trien-ll beta -yl)-2-(4,4,5,5,5-pentafluoropentyl) 
decanoic acid 



EMI127.1 



[0378] Starting with the 3,17 beta -bis(benzyloxy)-ll-(2-propenyl) estra-l,3,5(10),9(l l)-tetraene prepai 
in Example 20 and ethyl 2-(4,4,5,5,5-pentafluoro-pentyl)-8-nonenoate prepared separately, the same 
procedure as shown in Example 20 was repeated to give 10-(3,17 beta -dihydroxyestra-l,3,5(10)-trien-l 
beta -yl)-2-(4,4,5,5,5-pentafluoropentyl)decanoic acid. 

[0379] <1>H-NMR(300 MHz, CDC13): (6.99(d, J=8.7Hz, 1H, Cl-CH), 6.62(d, J=8.2Hz, 1H, C2-CH), 
6.55(d, J=2.3Hz, 1H, C4-CH), 4.87-3.82(brs, 1H, C3-OH), 3.73(t, J=7.4Hz, 1H, C17-CH), 2.84-2.65(m. 
2H), 2.51(m, 1H), 2.39(m, 2H), 2.24-1. 12(m, 32H), 0.91(s, 3H, C18-CH3). 
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Example 22 



Synthesis of 10-(3,17 beta -dihydroxyestra-l,3,5(10)-trien-l 1 beta -yl)-2-(4,4,5,5,6,6,7,7,7- 
nonafluoroheptyl)decanoic acid 



EMI127.2 



[0381] Starting with the 3,17 beta -bis(benzyloxy)-l l-(2-propenyl) estra-l,3,5(10),9(l l)-tetraene prepai 
in Example 20 and ethyl 2-(4,4,5,5,6,6,7,7,7-nonafluoroheptyl)-8-nonenoate prepared separately, the sai 
procedure as shown in Example 20 was repeated to give 10-(3,17 beta -dihydroxyestra-l,3,5(10)-trien-l 
beta -yl)-2-(4,4,5,5,6,6,7,7,7-nonafluoroheptyl)decanoic acid. 

[0382] <1>H-NMR(300 MHz, CDC13): (7.1 l(d, J=8.3Hz, 1H, Cl-CH), 6.62(d, J=8.6Hz, 1H, C2-CH), 
6.54(d, J=2.7Hz, 1H, C4-CH), 3.94-3. 07(brs, 1H, C3-OH), 3.72(t, J=7.4Hz, 1H, C17-CH), 2.82-2.62(m. 
2H), 2.52(m, 1H), 2.40(m, 2H), 2.23-1.1 l(m, 32H), 0.91(s, 3H, C18-CH3). 



Example 23 



Synthesis of 10-(3,17 beta -dihydroxyestra-l,3,5(10)-trien-l 1 beta -yl)-2-(3,3,4,4,5,5,6,6,6- 
nonafluorohexyl)decanoic acid 



EMI128.1 



[0384] Starting with the 3,17 beta -bis(benzyloxy)-l l-(2-propenyl) estra-1, 3,5(1 0),9(1 l)-tetraene prepar 
in Example 20 and ethyl 2-(3,3,4,4,5,5,6,6,6-nonafluorohexyl)-8-nonenoate prepared separately, the san 
procedure as shown in Example 20 was repeated to give 10-(3,17 beta -dihydroxyestra-l,3,5(10)-trien-l 
beta -yl)-2-(3,3,4,4,5,5,6,6,6-nonafluorohexyl)decanoic acid. 

[0385] <1>H-NMR (300 MHz; CDC13): (= 7.07(d, J=8.5Hz, 1H), 6.65(dd, J=8.2, 2.1Hz, 1H), 6.47(d, 
J=2.6Hz, 1H), 3.82(t, J=8.2Hz, 1H), 2.91-2.58(m, 2H), 2.53-2.23(m, 3H), 2.19-1.89(m, 4H), 1.85-1.02(i 
26H), 0.92(s, 3H). 



Example 24 



Synthesis of 1 1-(3,17 beta -dihydroxyestra-l,3,5(10)-trien-l 1 beta -yl)-2-(4,4,5,5,5-pentafluoropentyl) 
undecanoic acid 
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EMI129.1 



[0387] Starting with the 3,17 beta -bis(benzyloxy)-l l-(2-propenyl) estra-l,3,5(10),9(l l)-tetraene prepai 
in Example 20 and ethyl 2-(4,4,5,5,5-pentafluoro-pentyl)-9-decenoate prepared separately, the same 
procedure as shown in Example 20 was repeated to give 1 1-(3,17 beta -dihydroxyestra-l,3,5(10)-trien-l 
beta -yl)-2-(4,4,5,5,5-pentafluoropentyl)undecanoic acid. 

[0388] <1>H-NMR (270 MHz; CDC13): (7.00(d, J=8.4Hz, 1H), 6.59(dd, J=8.7, 2.7Hz, 1H), 6.54(d, 
J=2.7Hz, 1H), 3.73-3.71(m, 1H), 2.88-2.82(m, 2H), 2.58-2.33(m, 3H), 2.24-1. 18(m, 34H), 0.92(s, 3H). 



Example 25 



Synthesis of 1 1-(3,17 beta -dihydroxyestra-l,3,5(10)-trien-l 1 beta -yl)-2-(4,4,5,5,6,6,7,7,7- 
nonafluoroheptyl)undecanoic acid 



EMI130.1 



[0390] Starting with the 3,17 beta -bis(benzyloxy)-l l-(2-propenyl) estra-l,3,5(10),9(l l)-tetraene prepai 
in Example 20 and ethyl 2-(4,4,5,5,6,6,7,7,7-nonafluoroheptyl)-9-decenoate prepared separately, the sar 
procedure as shown in Example 20 was repeated to give 1 1-(3,17 beta -dihydroxyestra-l,3,5(10)-trien-l 
beta -yl)-2-(4,4,5,5,6,6,7,7,7-nonafluoroheptyl)undecanoic acid. 

[0391] <1>H-NMR(270 MHz, CD30D): delta 7.07(d, J=8.4Hz, 1H, Cl-CH), 6.54 (dd,J=8.4, 2.3Hz, 1H 
C2-CH), 6.45(d, J=2.3Hz, 1H, C4-CH), 3.67(t, J=8.3Hz, 1H, C17-CH), 2.85-2.62(m, 2H), 2.05-1. 80(m, 
7H), 1.80-0.96(m, 32H), 0.91(s,3H, C18-CH3) 



Example 26 



Synthesis of 10-(3,17 beta -dihydroxyestra-l,3,5(10)-trien-ll beta -yl)-2-(6,6,7,7,7-pentafluoroheptyl) 
decanoic acid 



EMI130.2 



[0393] The 10-(3,17 beta -dihydroxyestra-l,3,5(10)-trien-l 1 beta -yl)-2-(6,6,7,7,7-pentafluoroheptyl) 
decanoic acid prepared in Example 12 could also be synthesized by a procedure analogous to Example '* 
starting with 3,17 beta -bis(benzyloxy)-! l-(2-propenyl)estra-l,3,5(10),9(l l)-tetraene and separately 
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prepared ethyl 2-(6,6,7,7,7-pentafluoroheptyl)-8-nonenoate. 



Example 27 



Synthesis of 12-[6-hydroxy-2-(4-hydroxyphenyl)naphth-l^ 
acid 



EMI131.1 



[0395] Starting with 6-methoxy-2-(4-methoxyphenyl)-l-(2-propenyl)naphthalene and separately prepari 
diethyl 2-(8-nonenyl)-2-(4,4,5,5,5-pentafluoropentyl)malonate, the same procedures as shown in Examp 
1, 2 and 3 were repeated to give 12-[6-hydroxy-2-(4-hydroxyphenyl)naphth-l-yl]-2-(4,4,5,5,5- 
pentafluoropentyl)dodecanoic acid. 

[0396] <1>H-NMR(270 MHz, CDC13): delta 7.98 (d, J= 9 Hz, 1H, Ar-H), 7.53 (d, J= 8 Hz, 1H, Ar-H), 
7.28-7.12 (m, 5H, Ar-H), 6.89 (d, J= 9Hz, 2H, Ar-H), 2.96-2.90 (m, 2H, naphtyl-CH2-), 2.44-2.42 (m, 1 
-CHC02), 2.18-1.18 (m, 24H, alkyl-H). 



Example 28 



Synthesis of 1 l-[6-hydroxy-2-(4-hydroxyphenyl)nap 
undecanoic acid 



EMI132.1 



[0398] Starting with 6-methoxy-2-(4-methoxyphenyl)-l-(2-propenyl)naphthalene and separately prepari 
diethyl 2-(7-octenyl)-2-(3,3,4,4,5,5,6,6,6-nonafluorohexyl)malonate, the same procedures as shown in 
Examples 1, 2 and 3 were repeated to give ll-[6-hydroxy-2-(4-hydroxyphenyl)naphth-l-yl]-2- 
(3,3,4,4,5,5,6,6,6-nonafluorohexyl)undecanoic acid. 

[0399] <1>H-NMR(300 MHz, CDC13): delta 7.98(d, J = 8.9Hz, 1H, Ar-H), 7.53(d, J = 8.4Hz, 1H, Ar-E 
7.13-7.28(m, 5H, Ar-H), 6.89(d, J = 8.5Hz, 2H, Ar-H), 2.92(t, J = 8.1Hz, 2H, naphthyl-CH2), 2.46-2.48 
1H, CHC02H), 1.95-2.20(m, 2H, CH2CF2), 1.18-2.1 l(m, 18H, alkyl-H). 

[0400] Mass(ESI): 667(M+1) 



Example 29 
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Synthesis of 12-[6-hydroxy-2-(4-hydroxy-2-me 
dodecanoic acid 



EMI132.2 



[0402] Starting with the 6-methoxy l-(2-propenyl)-2-naphthyl trifluoromethanesulfonate prepared in 
Example 1 and 4-methoxy-2-methylphenylboronic acid prepared separately, the same procedures as sho 
in Examples 1, 2 and 3 were repeated to give 12-[6-hydroxy-2-(4-hydroxy-2-methylphenyl)naphth-l-yr 
(4,4,5,5,5-pentafluoropentyl)dodecanoic acid. 

[0403] <1>H-NMR(270 MHz, CDC13): delta 7.97 (d, J=8.9Hz, 1H), 7.53 (d, J=8.4Hz, 1H), 7.19-7.10 (i 
3H), 7.02 (d, J=8.3Hz, 1H), 6.77 (d, J=2.1Hz, 1H), 6.70 (dd, J=8.3, 2.1Hz, 1H), 4.8 (br, 3H), 3.0-2.8 (m 
1H), 2.7-2.5 (m, 1H), 2.5-2.3 (m, 1H), 2.1-1.9 (m, 2H), 1.99 (s, 3H, CH3), 1.8-1.0 (m, 22H). 



Example 30 



Synthesis of 12-[2-(2-ethyl-4-hychoxyphenyl)-6-hyd^^ 
dodecanoic acid 



EMI133.1 



[0405] Starting with the 6-methoxy l-(2-propenyl)-2-naphthyl trifluoromethanesulfonate prepared in 
Example 1 and 2-ethyl-4-methoxyphenylboronic acid prepared separately, the same procedures as show 
in Examples 1, 2 and 3 were repeated to give 12-[2-(2-ethyl-4-hydroxyphenyl)-6-hydroxynaphth-l-yl]-^ 
(4,4,5,5,5-pentafluoropentyl)dodecanoic acid. 

[0406] <1>H-NMR(300 MHz, CDC13): delta 7.97(d, J = 9.1Hz, 1H, Ar-H), 7.52(d, J = 8.4Hz, 1H, Ar-E 
7.06-7.23(m, 3H, Ar-H), 6.85(d, J = 8.2Hz, 1H, Ar-H), 6.79(d, J = 2.6Hz, 1H, Ar-H), 6.61(dd, J = 8.2, 
2.6Hz, 1H, Ar-H), 2.81-2.93(m, 1H, naphthyl-CH2), 2.49-2.75(m, 1H, naphthyl-CH2), 2.39-2.50(m, 1H 
CHC02H), 2.18-2.29(m, 2H, ArCH2CH3), 1.91-2.12(m, 2H, CH2CF2), 0.95-1. 72(m, 25H, alkyl-H) 

[0407] Mass(ESI): 623(M+1) 



Example 3 1 



Synthesis of 12-[2-(2-fluoro-4-hydroxyphenyl)-6^ 
dodecanoic acid 
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EMI134.1 



[0409] Starting with the 6-methoxy l-(2-propenyl)-2-naphthyl trifluoromethanesulfonate prepared in 
Example 1 and 2-fluoro-4-methoxyphenylboronic acid prepared separately, the same procedures as sho> 
in Examples 1, 2 and 3 were repeated to give 12-[2-(2-fluoro-4-hydroxyphenyl)-6-hydroxynaphth-l-yl]- 
(4,4,5,5,5-pentafluoropentyl)dodecanoic acid. 

[0410] <1>H-NMR(300 MHz, CDC13): delta 7.97(d, J = 9.1Hz, 1H, Ar-H), 7.52(d, J = 8.5 Hz, 1H, Ar-1 
7.06-7.25(m, 4H, Ar-H), 6.64-6.69(m, 2H, Ar-H), 2.81-2.90(m, 2H, naphthyl-CH2), 2.40-2.50(m, 1H, 
CHC02H), 1.90-2.10(m, 2H, CH2CF2), 1.05-1.75(m, 22H, alkyl-H) 

[0411]Mass(ESI):613(M+l) 



Example 32 



Synthesis of 12-[6-hydroxy-2-(4-hydroxy-2-trifluoromethylphenyl)naphth-l-yl]-2-(4,4,5,5,5- 
pentafluoropentyl)-dodecanoic acid 



EMI135.1 



[0413] Starting with the 6-methoxy l-(2-propenyl)-2-naphthyl trifluoromethanesulfonate prepared in 
Example 1 and 4-methoxy-2-trifluoromethylphenylboronic acid prepared separately, the same procedure 
as shown in Examples 1, 2 and 3 were repeated to give 12-[6-hydroxy-2-(4-hydroxy-2- 
trifluoromethylphenyl)naphth- 1 -yl]-2-(4,4,5,5,5-pentafluoropentyl)dodecanoic acid. 
<1>H-NMR(270 MHz, CDC13): delta 7.96 (d, J= 9 Hz, 1H, Ar-H), 7.50 (d, J= 8 Hz, 1H, Ar-H), 7.24-7. 
(m, 6H, Ar-H), 2.89-2.84 (m, 1H), 2.51-2.42 (m, 2H), 2.11-1.15 (m, 24H, alkyl-H). 



Example 33 



Synthesis of 12-[2-(3-fluoro-4-hychoxyphenyl)-6-h^ 
dodecanoic acid 



EMI136.1 



[0415] Starting with the 6-methoxy l-(2-propenyl)-2-naphthyl trifluoromethanesulfonate prepared in 
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Example 1 and 3-fluoro-4-methoxyphenylboronic acid prepared separately, the same procedures as shoA 
in Examples 1, 2 and 3 were repeated to give 12-[2-(3-fluoro-4-hydroxyphenyl)-6-hydroxynaphth-l-yl]- 
(4,4,5,5,5-pentafluoropentyl)dodecanoic acid. 

[0416] <1>H-NMR(270 MHz, CDC13): delta 7.96 (d, J= 9 Hz, 1H, Ar-H), 7.51 (d, J= 8 Hz, 1H, Ar-H), 
7.24-6.95 (m, 6H, Ar-H), 2.94-2.88 (m, 2H, naphtyl-CH2-), 2.39 (m, 1H, -CHC02), 2.16-1.18 (m, 24H, 
alkyl-H). 



Example 34 



Synthesis of 12-[2-(3,5-difluoro-4-hydroxyphenyl)-6^ 
dodecanoic acid 



EMI136.2 



[0418] Starting with the 6-methoxy l-(2-propenyl)-2-naphthyl trifluoromethanesulfonate prepared in 
Example 1 and 3,5-difluoro-4-methoxyphenylboronic acid prepared separately, the same procedures as 
shown in Examples 1, 2 and 3 were repeated to give 12-[2-(3,5-difluoro-4-hydroxyphenyl)-6- 
hydroxynaphth-l-yl]-2-(4,4,5,5,5-pentafluoropentyl)dodecanoic acid. 

[0419] <1>H-NMR(300 MHz, CDC13): delta 7.98(d, J = 9.9Hz, 1H, Ar-H), 7.53(d, J = 8.5Hz, 1H, Ar-t 
7.14-7.26(m, 3H, Ar-H), 6.85-6.90(m, 2H, Ar-H), 2.88-2.94(m, 2H, naphthyl-CH2), 2.39-2.48(m, 1H, 
CHC02H), 2.01-2.12(m, 2H, CH2CF2), 1.24-1.88(m, 21H, alkyl-H). 

[0420] Mass(ESI): 631(M+1) 



Example 35 



Synthesis of 12-[2-(4-fluorophenyl)-6-hydroxynaphth-l -yl]-2-(4,4,5,5,5-pentafluoropentyl)dodecanoic 
acid 



EMI137.1 



[0422] Starting with the 6-methoxy l-(2-propenyl)-2-naphthyl trifluoromethanesulfonate prepared in 
Example 1 and 4-fluorophenylboronic acid prepared separately, the same procedures as shown in 
Examples 1, 2 and 3 were repeated to give 12-[2-(4-fluorophenyl)-6-hydroxynaphth-l-yl]-2-(4,4,5,5,5- 
pentafluoropentyl)dodecanoic acid. 

[0423] <1>H-NMR(270 MHz, CDC13): 6 7.98 (d, J= 9 Hz, 1H, Ar-H), 7.54 (d, J= 8 Hz, 1H, Ar-H), 7.3 
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7.07 (m, 7H, Ar-H), 2.93-2.87 (m, 2H, naphtyl-CH2-), 2.46-2.35 (m, 1H, -CHC02), 2.15-1.14 (m, 24H, 
alkyl-H). 



Example 36 



Synthesis of (2R)-11-(3,17 beta -dihydroxyestra-1 ,3,5(1 0)-trien-7 alpha -yl)-2-(3, 3, 4,4,5,5,6,6,6- 
nonafluorohexyl)undecanoic acid 



(Step 1) 



EMI138.1 



[0425] Anhydrous tetrahydrofuran (10 ml) was added to (4S,5R)-3,4-dime%l-l-(5,5,6,6,7,7,8,8,8- 
nonafluoro-octanoyl)-5-phenylimidazolidin-2-one (1.20 g, 2.5 mmol) under nitrogen atmosphere, and tt 
resulting mixture was cooled to -78 DEG C. Lithium bis(trimethylsilyl)amide (2.75 ml, 1.0 M in 
tetrahydrofuran, 2.75 mmol) was added to the mixture, which was then stirred for 1 hour. After addition 
8-bromo-l-octene (714 mg, 3.0 mmol) and HMPA (1.25 ml) at -78 DEG C, the reaction mixture was 
warmed with stirring up to -50 DEG C over 2 hours and up to 0 DEG C over 30 minutes, and then stirre 
for 12 hours at 0 DEG C. The reaction mixture was quenched with saturated aqueous ammonium chloric 
at 0 DEG C, and then extracted with a mixed solvent of ethyl acetate and n-hexane (3:7). The organic la 
was washed sequentially with saturated aqueous potassium bisulfate, saturated aqueous sodium chloride 
saturated aqueous sodium bicarbonate and saturated aqueous sodium chloride, dried over anhydrous 
magnesium sulfate, and then filtered. The filtrate was concentrated under reduced pressure using an 
evaporator and the resulting residue was purified by silica gel column chromatography (Kanto Kagaku, 
silica gel 60 (spherical, neutral), 40-100 mu m, eluent: ethyl acetate/n-hexane = 1/5 3/7) to give (4S,5R) 
3,4-dimethyl-l-[(2R)-2-(3,3,4,4,5,^ 
g, Yield 93%). 

[0426] Optical purity: 95.5%de, as measured by HPLC (column: Daicel Chiralpack AD, phi 0.46 x 25 c 
solvent: n-hexane/isopropanol = 97/3, flow rate: 0.5 ml/min, detection wavelength: 206 nm) 

[0427] <1>H-NMR(270 MHz, CDC13): delta 7.32 - 7.13 (m, 5H), 5.87 - 5.72 (m, 1H), 5.34(d, J = 8.9 H 
1H), 5.02 - 4.91 (m, 2H), 4.10 - 3.86 (m, 2H), 2.84 (s, 3H), 2.19 - 1.08 (m, 16H), 0.82 (d, J = 6.5 Hz, 3H 



(Step 2) 



EMI139.1 
EMI139.2 
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[0429] 3-Methoxy-7 alpha -(2-propenyl)estra-l,3,5(10)-trien-17 beta -ol (377 mg, 1.16 mmol) and 
(4S,5R)-3,4-dimethyl-l-[(2R)-2-(33,4,4,5,5,6,6,6-nonafluorohexyl)-9-decenoyl]-5-phenyl-imid 
one (1.36 g, 2.31 mmol) were dissolved in anhydrous dichloromethane (12 ml) at room temperature und 
nitrogen atmosphere. To this solution, benzylidene-bis(tricyclohexylphosphine)dichlororuthenium (47.5 
mg, 5.78 x 10<-2> mmol) was added, and the resulting mixture was heated under reflux for 5 hours und 
nitrogen atmosphere. After cooling, the reaction mixture was filtered through an alumina pad. The filtra 
was concentrated under reduced pressure and the resulting residue was purified by silica gel flash 
chromatography (Kanto Kagaku, silica gel 60 (spherical, neutral), 40-100 mu m, eluent: ethyl acetate/n- 
hexane = 1/1) to give a mixture of (4S,5R)-3,4-dimethyl-l-[(2R,9E)-l 1-(17 beta -hydroxy-3-methoxyes 
l,3,5(10)-trien-7 alpha -yl)-2-(3,3,4,4,5,5,6,6,6-nonafluorohexyl)-9-undecenoyl]-5-phenylimidazolidin-: 
one and (4S,5R)-3,4-dimethyl-l-[(2R,9Z)-l 1-(17 beta -hydroxy-3-methoxyestra-l,3,5(10)-trien-7 alpha 
yl)-2-(3,3,4,4,5,5,6,6,6-nonafluorohexyl)-9-undecenoyl]-5-phenylimidazolidin-2-one (579 mg, Yield 
57%). 

[0430] <1>H-NMR(300 MHz, CDC13): delta 7.33 - 7.12 (m, 6H), 6.73 - 6.69 (m, 1H), 6.61 - 6.56 (m, 1 
5.42 - 5.25 (m, 3H), 4.05 - 3.87 (m, 2H), 3.77 - 3.70 (m, 4H), 2.90 - 2.71 (m, 5H), 2.38- 1.06 (m, 31H), 
0.83 - 0.78 (m,6H). 



(Step 3) 



EMI141.1 
EMI141.2 



[0432] The mixture of (4S,5R)-3,4-dimethyl-l-[(2R,9E)-l 1-(17 beta -hydroxy-3-methoxyestra-l,3,5(10 
trien-7 alpha -yl)-2-(3,3,4,4,5,5,6,6,6-nonafluorohexyl)-9-undecenoyl]-5-phenylimidazolidin-2-one and 
(4S,5R)-3,4-dimethyl-l-[(2R,9Z)-l 1-(17 beta -hydroxy-3-methoxyestra-l,3,5(10)-trien-7 alpha -yl)-2- 
(3,3,4,4,5,5,6,6,6-nonafluorohexyl)-9-undecenoyl]-5-phenylimidazolidin-2-one (579 mg, 653 mu mol) \ 
dissolved in ethyl acetate (14 ml), followed by addition of 10% palladium carbon (58 mg) at room 
temperature. After purging with hydrogen, the reaction mixture was stirred for 19 hours at room 
temperature. After the reaction mixture was filtered through cellite, the solvent was concentrated under 
reduced pressure. The residue was purified by silica gel column chromatography (Kanto Kagaku, silica 
60 (spherical, neutral), 40-100 mu m, eluent: ethyl acetate/n-hexane = 1/1) to give (4S,5R)-3,4-dimethyl 
[(2R)- 1 1 -(1 7 beta -hydroxy-3-methoxyestra- 1 ,3,5(1 0)-trien-7 alpha -yl)-2-(3,3,4,4,5,5,6,6,6- 
nonafluorohexyl)undecanoyl]-5-phenylimidazolidin-2-one (579 mg, Yield 100%). 

[0433] <1>H-NMR(300 MHz, CDC13): delta 7.33 - 7.1 1 (m, 6H), 6.73 - 6.70 (m, 1H), 6.69 - 6.62 (m, 1 
5.33 (d, J = 7.8 Hz, 1H), 4.05 - 3.86 (m, 2H), 3.79 - 3.71 (m, 1H), 3.77 (s, 3H), 2.94 - 2.72 (m, 2H), 2.8' 
(s, 3H), 2.38 - 0.99 (m, 35H), 0.82 (d, J = 5.9 Hz, 3H), 0.78 (s, 3H). 



(Step 4) 



EMI142.1 
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EMI142.2 



[0435] (4S,5R)-3,4-Dimethyl-l-[(2R)-ll-(17 beta -hydroxy-3-methoxyestra-l,3,5(10)-trien-7 alpha -yl) 
(3,3,4,4,5,5,6,6,6-nonafluorohexyl)undecanoyl]-5-phen^ (445 mg, 0.50 mmol) was 

dissolved in anhydrous ethylene glycol dimethyl ether (5 ml) under nitrogen atmosphere and then coolei 
0 DEG C. To this solution, tetra-n-butylammonium hydroxide solution (40% w/w, 649 mg, 1.0 mmol) a 
aqueous hydrogen peroxide (30% w/w, 113 mg, 1.0 mmol) were added, and the resulting mixture was 
stirred for 1.5 hours at room temperature. The reaction mixture was quenched with saturated aqueous 
sodium thiosulfate, acidified with saturated aqueous potassium bisulfate, and then extracted with ethyl 
acetate. The organic layer was washed with saturated aqueous sodium chloride, dried over anhydrous 
magnesium sulfate, and then filtered. The filtrate was concentrated under reduced pressure using an 
evaporator and the resulting residue was purified by silica gel column chromatography (Wako gel C-20( 
eluent: ethyl acetate/n-hexane = 4/6 8/2) to give (2R)-1 1-(17 beta -hydroxy-3-methoxyestra-l,3,5(10)- 
trien-7 alpha -yl)-2-(3,3,4,4,5,5,6,6,6-nonafluorohexyl)undecanoic acid (360 mg, Yield 100%) and 
(4R,5S)- 1 ,5-dimethyl-4-phenylimidazolidin-2-one (93 mg, Yield 98%). 

[0436] <1>H-NMR(300 MHz, CDC13): delta 7.21- 7.18 (m, 1H), 6.73 - 6.69 (m, 1H), 6.62 - 6.61 (m,lt 
6.30 (bs, 1H), 3.79 - 3.71 (m, 1H), 3.77(s, 3H), 2.93-2.72 (m, 2H), 2.47- 1.01 (m, 36H), 0.78 (s, 3H). 



(Step 5) 



EMI143.1 
EMI143.2 



[0438] Anhydrous dichloromethane (10 ml) was added to (2R)-1 1-(17 beta -hydroxy-3-methoxyestra-l, 
(10)-trien-7 alpha -yl)-2-(3,3,4,4,5,5,6,6,6-nonafluorohexyl)undecanoic acid (358 mg, 0.50 mmol) unde: 
nitrogen atmosphere and the resulting mixture was cooled to -78 DEG C. Boron tribromide (1.0 M in 
tetrahydrofuran, 3.0 ml, 3.0 mmol) was added dropwise to the mixture, which was then stirred on ice foi 
2.5 hours. The reaction mixture was cooled again to -78 DEG C and quenched with saturated aqueous 
sodium bicarbonate over 1 hour. After the reaction mixture was extracted with ethyl acetate, the organic 
layer was washed sequentially with saturated aqueous potassium bisulfate, saturated aqueous sodium 
chloride, saturated aqueous sodium bicarbonate and saturated aqueous sodium chloride, dried over 
anhydrous magnesium sulfate, and then filtered. The filtrate was concentrated under reduced pressure 
using an evaporator and the resulting residue was purified by silica gel column chromatography (Wako 
C-200, eluent: ethyl acetate/n-hexane = 4/6) to give (2R)-11-(3,17 beta -dihydroxyestra-l,3,5(10)-trien-' 
alpha -yl)-2-(3,3,4,4,5,5,6,6,6-nonafluorohexyl)undecanoic acid (231 mg, Yield 60%) as a yellow 
amorphous mass. 

[0439] Chemical purity: 99.05% and 98.63% at detection wavelengths of 280 and 219 nm, respectively, 
measured by HPLC (column: YMC-Pack ODS-A, A-312 phi 0.6 x 15 cm, solvent: H20/MeCN/TFA = 
30/70/0.1, flow rate: 1.0 ml/min) 

[0440] Optical purity: 96.3%de, as measured by HPLC (column: Daicel Chiralpack AD, phi 0.46 x 25 c 
solvent: n-hexane/isopropanol/TFA = 90/10/0.1, flow rate: 0.5 ml/min, detection wavelength: 280 nm) 



file://C:\My%20Documents\EPOV3\WO0142186.html 



3/7/06 



WO0142186 Page 71 of 77 



[0441] <1>H-NMR(270 MHz, CDC13): delta 7.16- 7.13 (m, 1H), 6.64 - 6.60 (m,lH), 6.55 - 6.54_(m,lF 
3.74 (t, J = 8.6 Hz, 1H), 2.91 - 2.67 (m, 2H), 2.50- 1.01 (m, 36H), 0.78 (s, 3H). 



Example 37 



Synthesis of (2R)-10-(3,17 beta -dihydroxyestra-l,3,5(10)-trien-7 alpha -yl)-2-(4,4,5,5,6,6,7,7,7- 
nonafluoroheptyl)decanoic acid 



EMI145.1 
EMI145.2 



[0443] Starting with 3-methoxy-7 alpha -(2-propenyl)estra-l,3,5(10)-trien-17 beta -ol and the (4S,5R)-3 
dimethyl-l-[(2R)-2-(4,4,5,5,6,6,7,7,7-nonafluoroheptyl)-8-nonenoyl]-5-phenylimidazolidin-2-oneprepa 
separately by a procedure analogous to Example 36, analogous procedure to Example 36 was repeated t< 
give (2R)-10-(3,17 beta -dihydroxyestra-1, 3,5(1 0)-trien-7 alpha -yl)-2-(4,4,5,5,6,6,7,7,7-nonafluorohept 
decanoic acid. 

[0444] <1>H-NMR (300 MHz; CDC13): delta 7.12(d, J=8.4Hz, 1H), 6.68(dd, J=8.5, 2.4Hz, 1H), 6.53(d 
J=2.6Hz, 1H), 3.68(t, J=8.5Hz, 1H), 2.95-2.60(m, 2H), 2.47-2.19(m, 4H), 2.18-1.03(m, 31H), 0.69(s, 31 

Example 38 



Synthesis of (2S)-10-(3,17 beta -dihydroxyestra-l,3,5(10)-trien-7 alpha -yl)-2-(4,4,5,5 ,6,6,7,7,7- 
nonafluoroheptyl)decanoic acid 



EMI146.1 
EMI146.2 



[0446] Stating with 3-methoxy-7 alpha -(2-propenyl)estra-l,3,5(10)-trien-17 beta -ol and the (4R,5S)-3, 
dimethyl-l-[(2S)-2-(4,4,5,5,6,6,7,7,7-nonafluoroheptyl)-8-nonenoyl]-5-phenylimidazolidin-2-one prepa 
separately by a procedure analogous to Example 36, analogous procedure to Example 36 was repeated t 
give (2S)-10-(3,17 beta -dihydroxyestra-l,3,5(10)-trien-7 alpha -yl)-2-(4,4,5,5,6,6,7,7,7-nonafluorohept 
decanoic acid. 

[0447] <1>H-NMR (300 MHz; CDC13): delta 7.12(d, J=8.4Hz, 1H), 6.68(dd, J=8.5, 2.4Hz, 1H), 6.53(d 
J=2.6Hz, 1H), 3.68(t, J=8.5Hz, 1H), 2.95-2.60(m, 2H), 2.47-2.19(m, 4H), 2.18-1.03(m, 31H), 0.69(s, 31 
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Example 39 



Synthesis of (2R)-1 1-[3,17 beta -dihydroxyestra-l,3,5(10)-trien-l 1 beta -yl]-2-(3,3,4,4,5,5,6,6,6- 
nonafluorohexyl)undecanic acid 



(Step 1) 



EMI147.1 



[0449] 3,17 beta -Bis(benzyloxy)-ll-(2-propenyl)estra-l,3,5(10),9(ll)-tetraene (491 mg, 1.00 mmol) ar 
the(4S,5R)-3,4-dimethyl-l-[(2R)-2-(3,3,4,4,5,5,6,6,6-nonafluorohexyl)-9-decenoyl]-5- 
phenylimidazolidin-2-one (1.18 g, 2.00 mmol) prepared in Example 36 were dissolved in anhydrous 
dichloromethane (10 ml) at room temperature under nitrogen atmosphere, mixed with benzylidene-bis 
(tricyclohexylphosphine)-dichlororuthenium (41 mg, 0.05 mmol), and then heated under reflux followe< 
by stirring for 6 hours under nitrogen atmosphere. After cooling, the reaction mixture was concentrated 
under reduced pressure and the resulting residue was purified by silica gel flash chromatography (eluenl 
ethyl acetate/n-hexane = 3/7) to give a mixture of (4S,5R)-1-{(2R,9E)-1 1-[3,17 beta -bis(benzyloxy)esti 
1,3,5(10),9(1 l)-tetraen-l l-yl]-2-(3,3,4A 

phenylimi dazolidin-2-one and (4S,5R)-1-{(2R,9Z)-1 1-13,17 beta -bis(benzyloxy)estra-l, 3,5(1 0),9(1 1)- 
tetraen-ll-yl]-2-(3,3,4,4,5,5,6,6,6-nonafluorohexyl)-9-undecenoyl}-3,4-dimethyl-5-phenylimi dazolidin 
one (664 mg, Yield 63%). 

[0450] <1>H-NMR(270 MHz, CDC13): delta 7.45-7.10(m, 16H), 6.78-6.70(m, 2H), 5.58-5.40(m, 2H), 
5.32(d, J=8.7Hz,lH), 5.04(s, 2H), 4.65-4.50(m, 2H), 4.10-3.80(m, 2H), 3.62-3.50(m, 1H), 3.22-3.05(m, 
1H), 2.83(s, 3H), 2.80-2.60(m, 3H), 2.52-2.30(m, 1H), 2.20-1. 0(m, 25H), 0.87(s, 3H, C18-CH3), 0.81(d 
J=6.6Hz, 3H). 



(Step 2) 



EMI148.1 



[0452] The mixture of (4S,5R)-1-{(2R,9E)-1 1-[3,17 beta -bis-(benzyloxy)estra-l,3,5(10),9(l l)-tetraen- 
yl]-2-(3,3,4,4,5,5,6,6,6-nonafluorohexyl)-9-undecenoyl}-3,4-dimethyl-5-phenylim idazolidin-2-one and 
(4S,5R)-1-{(2R,9Z)-1 1-[3,17 beta -bis(benzyloxy)estra-l,3,5(10),9(l l)-tetraen-l l-yl]-2-(3,3,4,4,5,5,6,6 
nonafluorohexyl)-9-undecenoyl}-3,4-dimethyl-5-phenylimi dazolidin-2-one (283 mg, 0.27 mmol) was 
dissolved in a mixed solvent of methanol (12 ml) and tetrahydrofuran (1.2 ml), followed by addition of 
palladium hydroxide/carbon (85 mg) at room temperature. After purging with hydrogen, the reaction 
mixture was stirred for 1 day at room temperature. After the reaction mixture was filtered, the solvent w 
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concentrated under reduced pressure. The residue was purified by silica gel column chromatography 
(eluent: ethyl acetate/n-hexane = 3/7) to give (4S,5R)-1-{(2R)-11-[3,17 beta -dihydroxyestra- 1,3,5(10)- 
trien-1 1 beta -yl]-2-(3,3,4,4,5,5,6,6,6-nonafluorohexyl)undecanoy 
one (164 mg, Yield 70%). 

[0453] <1>H-NMR(300 MHz, CDC13): delta 7.36-7.12(m, 5H), 6.94-6.88(m, 1H), 6.56-6.52 (m, 1H), 
6.44-6.36(m, 1H), 5.64(s, 1H), 5.35(d, J=8.7Hz, 1H), 5.70-5.15(m, 3H), 4.38(s, 3H), 4.40-2.60(m, 36H) 
2.43(s, 3H), 2.34(d, J=6.6Hz, 3H). 



(Step 3) 



EMI149.1 



*[0455] (4S,5R)-1-{(2R)-11-[3,17 beta -Dihydroxyestra-l,3,5(10)-trien-ll beta -yl]-2-(3,3,4,4,5,5,6,6,6 
nonafluorohexyl)-undecanoyl}-3,4-dimethyl-5-phenyliinidazolidin-2-one (140 mg, 0.16 mmol) was 
dissolved in DME (3 ml). To this solution, tetra-n-butylammonium hydroxide solution (40% w/w, 312 r 
0.48 mmol) and aqueous hydrogen peroxide (30% w/w, 56 mg, 0.48 mmol) were added, and the resultir 
mixture was stirred for 2 hours at room temperature. The reaction mixture was quenched with 10% 
aqueous sodium sulfite, acidified with 2N hydrochloric acid, and then extracted with ethyl acetate. The 
organic layer was washed with saturated aqueous sodium chloride, dried over anhydrous magnesium 
sulfate, and then filtered. The filtrate was concentrated under reduced pressure and the resulting residue 
was purified by silica gel column chromatography (Wako gel C-200, eluent: ethyl acetate/n-hexane = 3/ 
then by preparative HPLC (YMC-ODS-5-B (3 x 25 cm), eluent: acetonitrile/water/ trifluoroacetic acid = 
90/10/0.1, flow rate: 18 mL/min), to give the desired compound (2R)-1 1-[3,17 beta -dihydroxyestra- 1,3. 
(lO)-trien-ll beta -yl]-2-(3,3,4,4,5,5,6,6,6-nonafluorohexyl)undecanic acid (58 mg, Yield 52%). 

[0456] <1>H-NMR(300 MHz, CDC13): delta 7.00(d, J=8.4Hz, 1H, Cl-CH), 6.55(dd, J=8.4, 2.4Hz, 1H, 
C2-CH), 6.54(d, J=2.4Hz, 1H, C4-CH), 3.75(t, J=7.5Hz, 1H), 2.85-1. 10(m, 38H), 0.92(s, 3H, C18-CH3; 

[0457] Chemical purity: 98.4%, as measured by HPLC (column: YMC-Pack ODS-A, A-312 phi 0.6 x 1 
cm, solvent: H20/MeCN/TFA = 30/70/0.1, flow rate: 1.0 ml/min, detection wavelength: 220 nm) 

[0458] Optical purity: 95.7%de, as measured by HPLC (column: Daicel Chiralpack AD, phi 0.46 x 25 c 
solvent: n-hexane/i-propanol/TFA = 92/8/0.08, flow rate: 0.5 ml/min, detection wavelength: 280 nm) 



Test Example 1 : Antiestrogenic activity (oral administration) 



[0459] Test compounds were assayed for their oral antiestrogenic activity in the following manner. In t 
experiment, the compounds prepared in Examples 5, 12, 14-33, 37 and 38 were used as test compounds. 
As control compounds, those having the same structures in the parent scaffold as the test compounds we 
used, that is, ZM189154 for Examples 5 and 27-33 and ICI182780 for Examples 12, 14-26, 37 and 38. 

[0460] To determine antiestrogenic activity, mice (ICR, weight 30 +/- 2 g) which had been 
ovariectomized 2 weeks before were subcutaneously administered with 17 beta -estradiol-benzoate 
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(Sigma) in an amount of 0.1 mu g/mouse for 3 days and the degree by which the test compound inhibite 
the increase in uterine weight was measured. In this experiment, each of the test and control compounds 
was suspended in 5% arabic gum solution and orally administered for 3 days on a once-a-day basis. Aft< 
24 hours from the last administration, the test animals were sacrificed and the uteri were removed and 
weighed. The results obtained are shown in Table 2 below. 
<tbXTABLE> Id=Table 2 Columns=3 

<tb>Title: Anti-estrogenic activity in ovariectomized mice administered with 17 beta -estradiol (oral 

administration, 3 days) 

<tb> 

<tb>Head Col 1 to 2: Test compound / dose (p.o., 3 days) 
<tb>Head Col 3: Inhibition (%) 
<tbxSEP>Compound<SEP>mg/kg 
<tbxSEP>Example 5<SEP>10<SEP>67 
<tbxSEP>Example 27<SEP>10<SEP>64 
<tbxSEP>Example 28<SEP>10<SEP>68 
<tbxSEP>Example 29<SEP>10<SEP>80 
<tbxSEP>Example 30<SEP>10<SEP>58 
<tbxSEP>Example 31<SEP>10<SEP>75 
<tbxSEP>Example 32<SEP>10<SEP>73 
<tbxSEP>Example 33<SEP>10<SEP>64 
<tbxSEP>ZMl 891 54<SEP>10<SEP>42 
<tbxSEP>Example 12<SEP>10<SEP>97 
<tbxSEP>Example 14<SEP>10<SEP>87 
<tbxSEP>Example 15<SEP>10<SEP>96 
<tbxSEP>Example 16<SEP>10<SEP>98 
<tbxSEP>Example 17<SEP>10<SEP>94 
<tbxSEP>Example 18<SEP>10<SEP>85 
<tbxSEP>Example 19<SEP>10<SEP>92 
<tbxSEP>Example 20<SEP>10<SEP>94 
<tbxSEP>Example 21<SEP>10<SEP>99 
<tbxSEP>Example 22<SEP>10<SEP>98 
<tbxSEP>Example 23<SEP>10<SEP>98 
<tbxSEP>Example 24<SEP>10<SEP>98 
<tbxSEP>Example 25<SEP>10<SEP>93 
<tbxSEP>Example 26<SEP>10<SEP>96 
<tbxSEP>Example 37<SEP>10<SEP>101 
<tbxSEP>Example 38<SEP>10<SEP>100 
<tbxSEP>ICI182780<SEP>10<SEP>51 
<tbx/TABLE> 



[0461] The results shown in Table 2 above indicate that the compounds having a side chain of general 
formula (1) according to the present invention show a superior inhibitory activity against the estradiol- 
induced increase in uterine weight, as compared to the anti-estrogenic control compounds ZM 189 154 ai 
ICI 182780 which have the same parent scaffold but no such side chain. 



INDUSTRIAL APPLICABILITY 



[0462] The compounds of the present invention have a side chain of general formula (1). This side chaii 
allows the compounds of the present invention to show an improved bioavailability and a significantly 
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increased activity following oral administration, as compared to the conventional compounds lacking th 
side chain, such as compounds having low activity following oral administration, compounds having an 
tumor activity, compounds having estrogenic activity or compounds having anti-estrogenic activity. The 
compounds of the present invention are therefore advantageous in pharmaceutical use. 

Data supplied from the esp@cenet database - Worldwide 
Claims of corresponding document: EP1241158 



1. A compound consisting of a moiety and a group chemically bonded to said moiety, wherein said moi< 
contains a compound having low activity following oral administration or its parent scaffold and said 
group has the following general formula (1): 

EMI154.1 
in which 

Rl represents a hydrogen atom or a salt-forming metal, 

R2 represents a linear or branched CI -C7 halogenoalkyl group, 

m represents an integer of 2 to 14, and 

n represents an integer of 2 to 7, 

or enantiomers of the first-mentioned compound, or hydrates or pharmaceutically acceptable salts of the 
first-mentioned compound or enantiomers thereof. 

2. A compound consisting of a moiety and a group chemically bonded to said moiety, wherein said moi< 
contains a compound having anti-tumor activity or its parent scaffold and said group has the following 
general formula (1): 

EMI154.2 
in which 

Rl represents a hydrogen atom or a salt- forming metal, 

R2 represents a linear or branched C1-C7 halogenoalkyl group, 

m represents an integer of 2 to 14, and 

n represents an integer of 2 to 7, 

or enantiomers of the first-mentioned compound, or hydrates or pharmaceutically acceptable salts of the 
first-mentioned compound or enantiomers thereof. 

3. A compound consisting of a moiety and a group chemically bonded to said moiety, wherein said moi< 
contains an estrogenic compound or its parent scaffold or an anti-estrogenic compound or its parent 
scaffold and said group has the following general formula (1): 

EMI155.1 
in which 

Rl represents a hydrogen atom or a salt-forming metal, 

R2 represents a linear or branched C1-C7 halogenoalkyl group, 

m represents an integer of 2 to 14, and 

n represents an integer of 2 to 7, 

or enantiomers of the first-mentioned compound, or hydrates or pharmaceutically acceptable salts of the 
first-mentioned compound or enantiomers thereof. 

4. A compound having the following general formula (2): 



file://C:\My%20Documents\EPOV3\WO0142 1 86.html 



3/7/06 



WO0142186 



Page 76 of 77 



EMI156.1 
in which 

Rl represents a hydrogen atom or a salt-forming metal, 

R2 represents a linear or branched C1-C7 halogenoalkyl group, 

m represents an integer of 2 to 14, 

n represents an integer of 2 to 7, and 

A represents a group selected from the following formulae (3) to (8) and (10) to (26): 
EMI 156.2 

EMI156.3 

EMI156.4 

EMI157.1 

EMI157.2 

EMI157.3 

EMI158.1 

EMI158.2 

EMI158.3 

EMI158.4 

EMI158.5 

EMI158.6 

EMI159.1 

EMI159.2 

EMI159.3 

EMI159.4 

EMI 159.5 

EMI160.1 

EMI160.2 

EMI160.3 

EMI160.4 

EMI160.5 
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EMU 60.6 
in which. 

in formulae (6), (7), (14) and (24), each of R3 and R6 represents a linear or branched C1-C5 alkyl group 
in formulae (10), (1 1) and (12), Z10 represents a hydrogen atom or an acyl group, 
in formulae (13), (21) and (22), each of Zl, Z2, Z3, Z4, Z5 and Z6 independently represents a hydrogen 
atom, a hydroxyl group or a linear or branched C1-C5 alkyl group, 

in formula (15), R7 represents a hydrogen atom or a linear or branched C1-C5 alkyl group, 
in formula (16), each of Z7, Z8 and Z9 independently represents a hydrogen atom or a hydroxyl group, 
in formulae (18) and (20), R8 represents a linear or branched C1-C5 alkyl group, a linear or branched C 
C5 alkenyl group or a linear or branched C2-C5 alkynyl group, 

in formula (23), each of R21, R22, R23 and R24 independently represents a hydrogen atom, a linear or 
branched C1-C5 alkyl group, a linear or branched C1-C7 halogenoalkyl group, a halogen atom or an aq 
group, and 

in formulae (25) and (26), X represents a halogen atom, 

or enantiomers of the compound, or hydrates or pharmaceutically acceptable salts of the compound or 
enantiomers thereof. 

5. The compound or enantiomers thereof, or hydrates or pharmaceutically acceptable salts of the 
compound or enantiomers thereof according to any one of claims 1 to 4, wherein R2 is a linear or brand 
C1-C5 perhalogenoalkyl group or a group of the following general formula (9): 

EMI162.1 

in which each of R4 and R5 which may be the same or different represents a linear or branched C1-C3 
perhalogenoalkyl group. 

6. The compound or enantiomers thereof, or hydrates or pharmaceutically acceptable salts of the 
compound or enantiomers thereof according to any one of claims 1 to 5, wherein a halogen atom in the 
halogenoalkyl group is a fluorine atom. 

7. The compound or enantiomers thereof, or hydrates or pharmaceutically acceptable salts of the 
compound or enantiomers thereof according to any one of claims 4 to 6, wherein A is a group of formul 
(3), (4), (5), (6), (7), (8), (10), (1 1), (12), (13), (14), (15), (16), (17), (18), (19), (20), (21), (22) or (23), a 
m is an integer of 4 to 10. 

8. The compound or enantiomers thereof, or hydrates or pharmaceutically acceptable salts of the 
compound or enantiomers thereof according to any one of claims 1 to 7, wherein a carbon atom in genei 
formula (1) or (2), to which -COOR1 is attached, takes R- or S-configuration. 

9. A pharmaceutical composition comprising the compound according to any one of claims 1 to 8 as an 
active ingredient. 

10. An anti-estrogenic pharmaceutical composition comprising the compound according to any one of 
claims 4 to 8 as an active ingredient. 

1 1 . A therapeutic agent for breast cancer comprising the compound according to any one of claims 4 to 
as an active ingredient. 
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